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1. Purpose.—a. This manual prescribes standard laboratory methods and 
practices in basic photography, and the operation of ground photographic equip- 
ment and apparatus in use by organizations of the United States Army, and 
is designed for the initial photographic training of officers and enlisted men. 
Upon satisfactorily completing the course of instruction contained in this 
manual, their further training should be incident to the performance of their 
photographic duties as members of such organizations. 

b. Prescribed operations and methods incident to the making of aerial photo- 
graphs and aerial photographic products and their application to various pur- 
poses are fully covered in TM 2170-6. 

2. Subjects treated.—Specifically, this manual treats of the elementary prin- 
ciples of photography; the construction, operation, and maintenance of ground 
cameras of the various types; photographic optics; practical photography with 
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view and hand cameras; photographic chemistry; the development of exposed 
films or plates; the production of positives by the contact printing method; 
washing, drying, and other work connected with the finishing of photographs; 
the making of enlargements and reductions; the making of lantern slides; the 
reproduction of photographs, maps, and similar documents by | photographic 
copying; the use of photographic filters; and stereoscopic photography or the 
making of stereophotographs; and motion-picture photography. 

3. Use of apparatus.—No apparatus shou'd be used until the instructor has 
thoroughly demonstrated it and each student has in practical tests conducted 
by the instructor exhibited a satisfactory degree of skill in its use. The 
necessity of faithfully following this procedure in training is obvious when it 
is realized that the photographic apparatus used is not only expensive but 
is often delicate and complicated. 

4. Economy in the use of materials.—Progress in the practical work involved 
in photographic training is not measured by the amount of material used, but 
by the amount of instruction extracted from each piece of material. If the 
amount of instruction obtained in the use of a single film or sheet of paper, 
for instance, is not the maximum possible, there is waste. The student should 
take sufficient time to employ in his work all the knowledge and skill he 
possesses. He must think and he must exercise care at every turn, and the 
instructor should always be on the alert to curb instantly any tendency on the 
part of a student to be thoughtless and careless. Often the student has not 
learned how to think, and invariably there is a disinclination by most students 
to think sufficiently before attempting the performance of a task. For example, 
the operation of a camera is so easy and so readily learned that unless re- 
strained the average beginner will be inclined to be wasteful of film and 
not be mindful of the necessity of foreseeing and understanding thoroughly 
before acting what the effect of the move he contemplates will be on the re- 
sultant photograph. A further example is the contact printer, whose sim- 
plicity and ease of operation will also tempt the beginner to make a large 
number of prints in a frantic endeavor to cbtain, hit or miss, a print of 
satisfactory photographic quality rather than to take sufficient time between 
the making of each print to learn thoroughly the cause of failure shown by 
one print before attempting to make another one. Each bit of knowledge and 
experience as obtained should be carefully collected, added to previous knowl- 
edge and experience, and thus used to build a little higher the step that 
reaches to greater achievement. 

5. Value of self-criticism.—At all times the progressive photographer must 
be the severest critic of his own work. Every negative and print he makes 
he should study and continue to study until he finds wherein he might have 
improved them. Perfection in photography is reached only in the minds of 
the lazy and conceited, and the mere existence of such a mental attitude is a 
bar to their further progress. The serious photographie worker who means 
to advance realizes that, just as in the construction of a building, each step 
in the photographic process depends upon the success of the preceding step, 
and that, unless the greatest care is used, first, in laying a foundation and 
then as each addition is made to the structure, there will be a toppling down 
due to neglect which will make the result a failure. From the loading of the 
camera, the making of the exposure, and on through, until the finishing touch 
is placed on the print, success depends upon the proper performance of each 
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operation, no matter how small or apparently inconsequential. Whenever any 
photographic work is attempted, the photographer, regardless of previous experi- 
ence or success, should put into his work his best knowledge and skill, and 
when the work is accomplished he should study the results until he discovers 
how he might have improved them. 


SECTION II 


HLEMENTARY PRINCIPLES OF PHOTOGRAPHY 
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6. The camera.—The word “ photography ” signifies drawing by means of 
light. The drawing is called a photograph and the instrument used in making 
the drawing a camera. In its simplest form a camera is a light-tight box that 
has at one end a lens and at the other a place to insert a holder containing a 
sheet of glass or celluloid which has upon it a coating sensitive to light. By 
“sensitive to light” is meant that when daylight strikes this coating it changes 
it chemically. The holder for the light-sensitive plate or film is called a 
photographic plate or film holder. This is “loaded” or filled in a dark rvom. 
When loaded it is inserted in the camera, the light-proof slide in the holder 
withdrawn, and the camera pointed at the object to be photographed. The 
shutter of the camera is then opened, thus allowing the rays of light, reflected 
from the subject, to pass through the lens, and as they pass, the lens forms 
these rays into a minute exact image of the subject. This image is allowed to 
be projected upon the photographic film for a certain length of time called the 
‘** exposure,’ and the shutter of the camera is then closed. The shutters ordi- 
narily used are automatic in action, so that a single pressure on the actuating 
lever opens the shutter and it closes automatically at the expiration of the time 
for which it is set. This is usually a small fraction of a second. 

7. The camera record.—The image projected by the lens and impressed by 
the light upon the film is invisible, or latent, and must be brought out, or 
developed, so that it can be seen and used. Therefore, the film, after being 
exposed in the camera, is developed in a dark room. In this development there 
is produced upon the film the exact image projected by the lens, but this image 
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is negative—that is, it is reversed as to white and black, so that what is black in 
the subject is white, or transparent, in the negative, and what is white in the 
object is black in the negative. Upon completion of the negative, the next step 
in the photographic process is the production of the positive image, or the rep- 
resentation of the object as it is seen, in which white is white and black is 
black, This positive image is the photograph on paper. To make the photo- 
graph, or print, a printing machine is used in a dark room. On this machine 
the negative is placed in contact with a sheet of paper coated with a light- 
sensitive emulsion. The machine is then closed and strong light allowed to 
pass through the negative and impress the latent image upon the paper. The 
paper is then developed in nearly the same way as the photographic film, and 
the result, when dry, is a photograph in which white and all shades from 
white to black as seen in the object photographed are obtained. 

8. Operation of the camera.—To take a photograph of a building, for exam- 
ple, hold, or set, the camera at a certain distance from the building and oper- 
ate the shutter. During the exposure thus made the rays of light from the 
sun have shone on the subject and been reflected through the camera lens, which 
has formed them into an image of the subject on the photographic film in the 
camera, and this film has recorded the image. 

9. What is necessary to take a photograph.—F rom the preceding paragraph 
it will be noted that in order to take a photograph there must be— 

a. Light. 

b. Subject. 

c. Lens and shutter. 

d. Dark box (camera). 

e. Photographic film. 

10. Nature of light.—Light fs a form of motion sent out by a light source, 
of which the greatest is the sun. The exact nature of light is unknown. It 
is supposed that it travels in waves. Its movement resmbles the series of 
ripples which move outward in ever-increasing circles, as when a stone is 
thrown into a pond of still water, The rapidity of the movement of light is 
beyond conception. In the case of sunlight, for instance, the waves travel at 
the tremendous speed of over 186,000 miles a second. In this respect light 
waves resemble electrical vibrations. 

11. How light travels.—Light travels in a straight line in all directions 
from its source. Outdoors this is not noticeable, as it appears to be diffused 
everywhere. In a darkened room, however, if the only light enters through any 
tiny opening it will form a beam whose path is straight, as will be shown by 
the dust particles in the air. Hold a mirror in this beam of sunlight and it 
will be found that the beam can be reflected in another direction, but only in a 
straight line. All objects are not so perfect reflectors as mirrors; each varies 
in its power to reflect light. A dead black cloth will reflect scarcely any light, 
while on the other hand a white handkerchief reflects much light. In order 
to comprehend the principle of the camera, light should be thought of as travel- 
ing in innumerable rays from the light sources, striking an object and being 
reflected in all directions and in numbers of rays according to the power of the 
object as a reflector, some rays reflected by the object passing through the 
camera lens and being collected and projected by it on the film in the form of 
an image of the object. How the lens collects the rays and projects them as an 
image is explained in paragraph 56. 
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12. The subject.—In the case of a subject such as a building, which is taken 
as a typical example for the purpose of illustration, the light rays from the sun 
falling upon the building are reflected in different quantities—that is, many 
rays are reflected from the blue sky and a great many rays from the white area 
of the building upon which the sun is shining. However, but little light is 
reflected from the darker painted area of the building, as well as from the side 
of it on which the sun is not shining. That part of the subject from which 
many rays are reflected is called light and that from which only a few rays 
are reflected, shadow. 

13. The lens.—The human eye is like a camera. It is composed of a lens 
which collects and projects the image of objects on nerves that produce the 
sensation of sight. For the purpose of this section, a lens may be roughly 
defined as a piece of transparent glass so ground that it will project an image 
of any object placed before it. To exhibit motion pictures, use is made of a 
projector through which the film is run. This projector consists essentially of 
a box in which there is a strong light at one end and a lens at the other. When 
the film is passed between the light and the lens, the image of the picture is 
projected on the screen by the lens, 

14. Why a dark box is necessary.—The room in which motion pictures are 
shown is darkened in order to exclude those extraneous rays of light that would 
tend to obliterate the projection of the pictures. Reverse the conditions and 
the principle underlying the construction of the camera becomes apparent. If, 
instead of showing motion pictures in a darkened room, a large lens is placed 
in the wall of the room so that one end of the lens would be on the outside of 
the wall and the other end on the inside, the result would be a gigantic camera. 
Now, if, on the outside, a person were to stand in bright light, in front of the 
lens, an image of the person would be projected by the lens on the screen inside 
the darkened room. Diminish the size of the lens, diminish the size of the 
room to a small box, and replace the screen by a photographic film, and the 
result is a camera capable of taking photographs. Essentially the camera 
proper is only a light-tight box. Its chief purpose is to exclude extraneous 
light, or shield from the projected image all rays of light which do not pass 
through the lens and therefore do not enter into the formation of the image 
of the object being photographed. A camera is not always in the form of a 
6-sided box; it may consist almost entirely of flexible leather bellows, but 
whatever its form may be, its chief function is to exclude extraneous light rays, 
and the details in which it differs from a plain box are refinements and adjust- 
ments which afford greater facilities and better adapt the camera to the making 
of photographs under a greater variety of conditions. For instance, on the box 
type of camera the lens is fixed, therefore the subject must be beyond a certain 
distance from the camera. However, with a camera having bellows, the lens 
may be moved nearer to or farther from the plate and a photograph made of 
an object at any distance away. For the principles of camera construction and 
descriptions of the standard types of ground cameras and instructions for their 
use, see Section ITI. 

15. The photographic film.—The photographic film records the image pro- 
jected upon it. To understand this, it is necessary only to review some 
elementary principles of chemistry. By the use of so-called agents such as 
light, heat, electricity, acids, etc., the nature of Some substances can be 
changed. Other substances, however, can not be changed by any known means, 
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and these unchangeable substances are known as elements. The changeable 
substances are the combinations of two or more elements, and by the use of a 
suitable agent these chemical compounds may be broken up into the elements 
of which they are composed, and each element may remain separate or it may 
unite with another present to form new compounds. Silver is an element and 
so is bromine. The combination of these two elements is silver bromide. By 
chemical means Silver and bromine can be made to unite and form silver 
bromide, which is sensitive to light—that is, if silver bromide is made in the 
dark and then exposed to the light of day the light has the power to change it. 
On this photography is based. Into a solution of gelatin, silver bromide is 
incorporated in the dark. When this solution, which is called an emulsion, is 
spread upon glass and dried the product is called a photographic plate. If, 
however, it is spread upon celluloid, the result is a film. The essential differ- 
ence between a plate and a film is the nature of the support. In the case of 
a plate it is glass, and in the case of film it is celluloid. In taking a photograph 
a plate is used which up to that time has never been exposed to daylight. 
The manufacturer has made this plate in a dark room and wrapped it in black 
paper with 11 others in a double-compartment, light-proof pasteboard box, 
This box is opened in a dark room, and under a light of a color, usually ruby 
red, which does not affect them a plate is removed and placed in a light-proof 
plate holder. When ready to take the photograph this holder is inserted in the 
camera so that when the dark slide of the holder is withdrawn, just previous 
to operating the camera shutter, the plate faces the lens and is protected by 
the darkness of the camera. Snapping the shutter opens it for the length of 
time constituting the exposure, and while the shutter is thus open the light 
passes through the lens to the plate. This is the first bit of white light that 
has struck the plate, and all of it is in the form of the image of the subject 
being photographed. 

16. The effect of light on the photographic film.—Examination of the plate 
coating under a microscope will show that the silver bromide in the form of 
minute sandlike particles is scattered throughout the gelatin layer of the 
emulsion. The light in the form of the image of the subject being photographed, 
when flashed on the plate, changes each of these microscopically small grains 
of silver bromide that it touches into what may be called silver subbromide. 
The rays of light penetrate the coating according to their number or strength. 
The grains of silver bromide on .t: surface of the emulsion will first be most 
affected; and then, as a ray goes through the emulsion, the grains that lie 
farther under the surface will be affected. 

17. Development.—In appearance a plate or film that has been exposed to 
the light does not differ from one that has not been exposed to the light. The 
image recorded by the film when exposed in the camera is latent and must be 
developed out. It is necessary to take such a film to a dark room for this 
purpose. In paragraph 16 the light-sensitive side of a photographic film is 
fescribed as a layer of gelatin of appreciable thickness in which are scattered 
throughout an innumerable number of microscopically small grains of silver 
bromide. If the explanation there given as to how the rays of light affect 
the silver grains in this emulsion during the exposure of the film in the camera 
is clearly understood, the processes of development become obvious. In some 
parts of the exposed film all the silver bromide grains contained in the emul- 
sion have been changed to silver subbromide because the rays of light striking 
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those parts were strong and penetrated the emulsion deeply. In another part 
of the film the rays of light striking it were not so strong and did not change 
so many silver bromide grains to silver subbromide. Of course, while a ray 
is penetrating the emulsion it loses its strength according to the distance it 
penetrates, so that near the end of the depth that it is able to go it is con- 
siderably weaker than when it first struck the surface of the film. Therefore, 
at its limit of penetration, the light ray is not strong enough to convert all the 
silver bromide grains around it to silver subbromide. This is likewise true of 
weak rays, which searcely penetrate the surface of the film, and such rays also 
only partly change each silver grain. In development a solution called a 
developer is used. This developer does not affect the silver bromide grains, 
but it does change the silver subbromide grains into black metallic silver 
grains. During development, therefore, the developer permeates the film coating 
and converts the silver subbromide grains into black metallic silver grains to 
exactly the same extent that the light has converted the silver bromide grains 
into silver subbromide grains, so that upon completion of development there 
remains the exact image projected by the lens on the plate in the form of 
deposits of fine black metallic silver grains. These deposits vary in depth or 
thickness according to the strength of the light refiected by the different por- 
tions of the image, because the stronger the light the greater the number of 
silver bromide grains changed into silver subbromide and converted by the 
developer into black metallic silver grains. 

18. Fixing.—Upon completion of development it will be noted that the back 
of the film resembles that of an unexposed film and that the black image lies 
largely on the surface of the film coating. This condition is due to the fact that 
in recording the image all the silver bromide grains were not used and that 
under those that were used are a number of grains which the light did not 
strike and did not change, and which, of course, the developer could not convert 
into metallic silver. These unaffected silver bromide grains are now valueless, 
and not only valueless but harmful, for were light to strike them they would 
be affected and thus blot out the retained image, so they are removed in a 
solution known as the fixing bath, the chief ingredient of which is hyposulphite 
of soda, commonly called hypo. Therefore, after the development of the film 
is completed, the developer is rinsed from the surface of the film and the film 
placed in the fixing bath. This bath removes the surplus silver bromide grains 
and renders the negative transparent but does not affect the black metallic 
silver grains which form the image. 

19. Washing.—After fixing, the negative is thoroughly washed in water and 
dried. These operations complete the making of the negative, which is the step 
in the production of the photograph that follows the exposure of the film in 
the camera. 

20. The negative.—It is necessary at this point to understand why a film, 
after it has been exposed in the camera, developed, fixed, washed, and dried, 
as explained in the preceding paragraphs, is called a negative. This designation 
becomes apparent when it is recalled that the strongest rays of light affected 
the greatest number of silver bromide grains and converted them to silver 
subbromide and that the developer then reduced these subbromide grains to 
metallic silver. Thus the rays of light reflected from the sky in the white 
area of the building, the photographing of which was used as an illustration, 
were numerous and strong and affected a great number of silver bromide grains, 
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thus causing in the finished negative a heavy deposit of metallic silver, and in 
the developed plate therefore they appear black, which is the opposite or nega- 
tive of white. Thus brightness in the view appears as blackness in the negative 
and darkness in the view appears as transparency or brightness in the negative. 
This reversal of light and shade is responsible for the term “ negative” as ap- 
plied to the finished photographic plate or film. 

21. The negative compared with a stencil.—The photographic negative is a 
stencil. In the commonest kind of stenciling, letters are cut out of cardboard 
and a brush charged with black ink is run over the stencil as it is held against 
a sheet of paper or other surface. The stencil protects the paper from the 
ink, but where it has been cut out the paper receives impressions of black 
letters. In stenciling only two colors or shades can be produced, that of the 
surfaced stenciled and that of the ink used. A photographic negative is a more 
perfect type of stencil. The images in it are not sharply cut out so as to pro- 
duce white and black, but there are ranges of tones or different gradations of 
blackness and whiteness or transparency. Stenciling, so to speak, from a 
photographie negative is called contact printing, or the making of the photo- 
graphic print. 

22. Making the photographic print.—The gelatin solution containing silver 
bromide, which is coated on célluloid in the making of photographic film, may 
also be coated on paper, in which event the result is known as bromide paper. 
If in the dark room a photographic negative is held in contact with a sheet of 
bromide paper in a frame having a spring pressure back, called a printing 
frame, so that the negative is outside, and the frame thus loaded is exposed to 
daylight or held in front of a strong light source similar to daylight, so that 
the light will penetrate the negative and change the silver bromide grains 
in the emulsion of the paper to silver subbromide, the first step in the making 
of the positive is completed. The effect of this exposure is that as a white ob- 
ject is recorded in the negative as black, and black as white or transparent, 
the light will pass through the transparent portions of the negative in strengths 
varying according to the degrees of transparency but will not pass through 
the impenetrable dense black portions of the negative. After such exposure, or 
printing, the paper is developed in the Same manner as was the plate, and the 
silver bromide grains in the paper changed by the light into silver subbromide 
will be blackened or converted into black metallic silver grains and those 
unaffected by the light will be unaffected by the developer, and, therefore, 
that portion of the paper will remain white. As bright objects are recorded as 
black in the negative, they will be recorded as white in the print, so that the 
print will be a reversal of the negative, or a positive. 

23. Making transparencies and lantern slides.—Instead of a piece of photo- 
graphic paper, a photographic plate could be exposed in contact with the 
negative and this printing on the plate when developed into a positive would 
be known ordinarily as a transparency. Small transparencies, made to fit 
stereopticons or projectors, are called lantern slides. Prints on paper, as well 
as on plates, are fixed, washed, and dried in the same manner as films that 
have been exposed in the camera. 

24. Making enlargements.—When a piece of photographic paper is pressed 
in contact with the negative and light is passed through the negative to 
the paper the process is called contact printing. It may be done with a 
strong light in a printing frame in the manner described in paragraph 22, 
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or the strong light may be inclosed in a box with ground-glass top, the negative 
placed upon it, and the paper pressed into contact. In the latter case the 
apparatus will be known as a contact printing machine. In a contact print 
the image is exactly the same size as that in the negative. When a. positive 
image larger than that in the negative is desired the process known as enlarg- 
ing is employed. This necessitates the use of a special apparatus called an 
enlarger, or an enlarging lantern. It is eSsentially the same as a projector 
used in showing motion pictures, The lantern is in the form of a metal box, 
in one end of which is a light and in the other a lens. The negative is in- 
serted between the light and the lens which projects the image to any size 
desired upon a piece of bromide paper, which records the projected image 
in the same manner as the plate does in the camera. The paper after being 
thus exposed is developed, fixed, washed, and dried as in the case of contact 
prints. The enlarging lantern is used in a room lighted only by suitably colored 
lights, so that the only white light striking the paper consists of the rays form- 
ing the image projected upon it. 

25. Training course.—The purpose of paragraphs 26 and 27 is to illustrate 
the essential operations involved in the making of a photograph. In order 
to carry out this practical work expeditiously, and at the same time avoid 
crowding the beginner’s mind with a mass of details concerning each step 
required, the instructor should supply the necessary skill and experience and 
have the student act merely as an observer of the exercises. 

26. Importance of correct practices.—While performing the practical work 
required by paragraph 27, the instructor should emphasize the importance of 
the following practices: 

a, When developing, rinsing, fixing, washing, and drying a film or plate, 
and when making prints therefrom, the operator should never allow his 
fingers to come in contact with the surface of the emulsion coated on the 
film or on the paper. He thus avoids stains that otherwise would be caused 
by moisture or oil on the finger tips. 

b. Freshly made solutions should always be used in photographic work, and 
the containers of all such solutions should be kept clean and arranged in an 
orderly manner in the photographic laboratory. 

ce. Cleanliness and orderliness in the making of photographs should be ob- 
served at the start. Due to unfamiliarity and perhaps unavo:dable awkward- 
ness the beginner may have difficulty in handling the film without finger mark- 
ing it. The taking of sufficient time to be careful and orderly is the best way 
of overcoming a tendency to this bad practice. Carelessness is a habit which, 
when once acquired, is difficult to break. The beginner should perform photo- 
graphic operations in the manner prescribed in this manual, first making 
sure that he understands the required methods and can perform the operations 
accordingly. Once assured of this, he should afterwards perform the same 
kind of work in the same manner, never slighting it but bringing to it his un- 
divided attention and all his skill. By following this course he will attain the 
speed that he desires and never suffer from confusion in doing his work. Asa 
great deal of photographic work will be done in a dark or poorly lighted room, 
it is necessary for the operator to be more orderly in such a room than in a 
well-lighted one, where misplaced apparatus and equipment can be easily 
located. The student should also learn at the beginning that empty boxes 
or other waste should be immediately placed in the containers designed there- 
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for. While in the laboratory he should also be careful to place dark slides and 
similar delicate equipment where they can not possibly come in contact with 
water or solutions, and he should place film, paper, and any other kind of 
photographic sensitized material where there is no danger of its being light- 
struck or damaged by water or liquids. In other words, the instructor should, 
at the introduction of the student to practical photographic work, begin to 
inculeate in him those habits which go to make the foundation to his success 
as a photographer. 

27. Instruction procedure.—a. Focusing a camera. 

(1) See paragraphs 6 and 7. 

(2) Set up a view camera, focus on a near-by building, and study the image 
on the ground glass. 

b. Sequences of photographic operations. 

(1) See paragraphs 8 to 14, inclusive. 

(2) After focusing the camera, go through the operations necessary to take 
a photograph in the sequence of their performance. 

c. Loading the film holders. 

(1) See paragraphs 15 and 16. 

(2) In a dark room under a Series II safe light open a box of film. 

(3) Examine a sheet of film, distinguishing coated side from uncoated side 
or back. 

(4) Insert film in holder so coated side will face operator, and when the film 
is held in this position note the position of the notch in its edge. 

(5) Insert slide of the holder so that light-colored strip on side cf holder 
will be out. 

(6) Repack remaining film in box and replace lid thereof. 

d. Taking a photograph. 

(1) See paragraphs 15 and 16. 

(2) Under the guidance of instructor take a photograph of an outdoor 
object. 

e. Developing the film. 

(1) See paragraphs 17 to 21, inclusive. 

(2) Obtain from instructor solutions necessary to develop the film exposed 
in the camera. 

(3) Under guidance of instructor develop the film exposed in the camera. 

f. Making a contact print. 

(1) See paragraphs 22 and 23. 

(2) In a dark room, under a suitable safe light, open a box of photographic 
paper. Remove a sheet and examine it under the safe light, distinguishing 
the coated from the uncoated side. 

(3) Under guidance of instructor place negative, coated side up, on printing 
machine. 

(4) Cover negative with sheet of photographic paper so that the coated side 
of negative and paper are in contact with each other. 

(5) Under guidance of instructor operate machine and make exposure. 

(6) Develop, rinse, fix, wash, and dry print. 

g. Making an enlargement. 

(1) See paragraph 24. 

(2) Under guidance of instructor, make an enlargement. 


10 


TM 2170-5 
BASIC PHOTOGRAPHY 28 


Section III 


GROUND CAMERAS 
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28. The camera and its parts.—ca. The instrument with which a photograph 
is taken is called a camera. Essentially it is a light-tight box having a lens 
at one end and provided at the other with a suitable arrangement for the 
insertion and withdrawal of the holder containing the light-sensitive film on 
which the image projected by the lens is recorded. There are many types of 
cameras, which vary according to their adaptability for special purposes. To 
obtain readily a comprehensive idea of the differences in kind, cameras will 
be considered according to their essential parts. These parts are— 

(1) Camera body. 

(2) Camera sight. 

(3) Lens. 

(4) Shutter. 

(5) Film holder. 

b. The camera body.—The simplest form of camera body is a box, which 
may be of wood, metal, or even pasteboard, as in the case of some small, cheap, 
hand cameras. In the box form of camera the lens is usually immovably fixed 
at a certain point from the photographic film, hence, the term “fixed focus 
camera.” Such type of camera takes clearly defined photographs only when 
the subject is beyond a certain distance from the camera. This distance varies 
according to length of focus and size of opening of the lens. The greater these 
are the greater the distance must be. When the subject is near the lens some 
device for moving the lens farther from the plate (that is, focusing) must be 
used. This device may consist of a special mounting for the lens in which it 
may be moved forward and backward by means of a lever, but usually focusing 
is accomplished by means of leather bellows, which constitute a readily ad- 
justable extension of the camera body. Within the camera body there is, 
ordinarily, no mechanism of any kind. 

c. The camera sight.—In order to point the camera correctly and compose the 
picture, prior to the making of the exposure, some form of sight must be used. 
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These sights or finders may consist of small negative lenses mounted on the 
outside of the camera or may be in the form of a ground-glass screen hinged 
to the back of the camera upon which the full image, in exact proportions as 
projected by the lens, may be studied and focused. Again, the finder may be 
really a small auxiliary camera attached to the camera with which the photo- 
graph is taken. 

d. The lens.—There are many kinds of camera lenses, differing in construc- 
tion and extent of optical correction, in size of aperture, and focal length. 
Roughly speaking, “ focal length” is the distance the lens must be placed from 
the film in order that the projected image of an object at infinity may be in 
focus on the film. 

e. The shutter—The shutter is the device for regulating the length of the 
exposure, which is the time the image projected by the lens is allowed to 
impress itself upon the light-sensitive film. The length of exposure varies from 
a very small fraction of a second upward, and is determined by light condi- 
tions and other factors. The shutter may form a part of the lens mounting, 
in which case it is known as a “ between-the-lens” or diaphragm shutter, or 
it may be located in front of the light-sensitive film and be composed of a 
cloth band on rollers actuated by a spring. This band contains a slit of 
either fixed width or adjustable to any desired width or a number of slits of 
different widths. Upon release of the roller springs the slit of desired width 
passes across the face of the film, thus rapidly exposing it in sections at a 
speed governed by the adjustable tension of the roller spring. This type of 
shutter is Known as the focal-plane shutter. 

f. The plate or film holder.—As photographic plates and film are sensitive 
to daylight they must be carried in special holders in which they are loaded in 
a room from which daylight and all other light rays of a kind that will affect 
the plates or film have been excluded. A simple type of double plate or film 
holder accomodates a plate or cut film, as the case may be, on each Side of 
the holder. The sensitive material is protected from light by a dark slide that 
is withdrawn after the holder has been inserted in the camera and the ex- 
posure is about to be made. When a holder is constructed so as to take more 
than two plates it is called a magazine. In a plate magazine each plate is held 
in a metal binder called a septum for the better protection in handling. The 
mechanism for changing the plates within the magazine varies according to the 
type of magazine. As film is light, thin, and fiexible and may be made in al- 
most any length, light-proof, paper-protected spools of it were invented some 
time ago and are now well known and in common use. Sufficient black paper 
is attached to the ends of the strip of film and wound around the roll, thus 
making the roll] light-proof and furnishing a paper leader which is unwound and 
threaded around the back of the camera and thus guides the film when load- 
ing. Again, the spool of film may be loaded in a special type of magazine, having 
a light-proof slide, and this magazine may be attached to the back of the 
camera like a plate holder. 

29. Standard types of United States Army ground cameras.—The standard 
types of ground cameras used by the Air Corps, the Signal Corps, and the Corps 
of Engineers are— 

a. View camera. 

b. Grafiex camera. 

c. Graphic camera. 

d. Kodak camera. 
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30. The view-camera outfit.—The view-camera outfit (fig. 1) is completely 
contained in a canvas-covered carrying case with straps and handle. It com- 
prises the camera with removable lens board holding the lens and shutter, a 
rear extension, six plateholders or eight cut-film holders, a focusing cloth, 
and «a tripod. The camera will take a photograph 8 by 10 inches or smaller 
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FIGURD 1.—The view-camera outfit 


on plates or cut film. When used it must be mounted on a tripod or other- 
wise supported, as it is not practicable to hold it in the hand when taking 
a photograph on account of its size, weight, and construction. The view 
camera is composed of the camera body, which is essentially a metal-bound, 
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wooden frame, holding a hinged ground-glass focusing screen. To the body 
ure attached bellows of comparatively great length. The other end of the 
bellows is fastened in a wooden front in which the lens board is accommo- 
dated. The body and the camera front are fitted with pinions that engage 
metal racks embedded in the front extension. Knurled knobs are attached to 
these pinions so that both the camera body and front can be moved back- 
ward and forward along the extension by means of them. Other knurled knobs 
on the body and on the front control adjustments will be explained later. 
However, it should be remembered that all knobs on the right side of the 
camera are “ operating’? knobs and those on the left are “locking” knobs, 
an operating knob being directly opposite a locking knob, the former to ac- 
complish the desired movement and the latter to secure the part of the camera 
operated in the position obtained. The view camera weighs approximately 12 
pounds; the bellows when extended are almost 30 inches long; the lens board 
is 6 by 6 inches; and the camera when closed is approximately 15 by 13 by 6 
inches. The rear extension must be attached when a bellows length of more 
than 17 inches is needed. 

31. The view-camera carrying case.—The carrying case is divided into an 
upper and lower compartment, separated by a lid. The upper compartment 
is designed for the tripod, disassembled and folded, which consists of a head 
and three legs. The lower compartment is divided into three smaller com- 
partments designed as follows: Left-end compartment for the camera; center 
compartment for focusing cloth and any spare parts or small accessories, such 
as filters; and right-end compartment for the rear extension and the plate or 
film holders, there being sufficient space in this compartment for the exten- 
sion and either six plate holders or eight film holders. 

32. The view-camera plate and film holders.—a. Plate holder.—The view- 
camera plate holder is designed to hold two plates. To load, first unhook 
and withdraw the dark slides and then lay back the hinged part of the opposite 
end and insert the plate, face up, under the rabbet in the head of the holder; 
return the hinged edge to normal and insert the slide so that the black-painted 
side of the wooden edge will be next to the slide-locking hooks. To identify 
the unpainted or plain varnished side in darkness, notches will be found in the 
wooden edge of the slide. 

b. Film holder.—The cut-film holder closely resembles the plate holder. It 
is of less thickness, and therefore a larger number of film holders than plate 
holders can be accommodated in the carrying case. To load the film holder, 
proceed as in the case of a plate holder, as explained in a above, being care- 
ful to see, however, that the sheet of film, face up, slides under the metal grooves 
on each side of the holder and is pressed down so as to go completely under 
the rabbet in the head of the holder. 

c. Light traps.—In the head of each plate or film holder is a device con- 
sisting of a bar under spring pressure which excludes any light that may 
enter the holder through the dark slide slot when the slide is withdrawn. To 
insure that this trap effectively prevents extraneous light from reaching the 
plate or film, the practice should be followed of withdrawing the slide only 
when the focusing cloth covers the holder as it is in position in the camera, 
and also, after taking the photograph, of returning the slide to the holder 
underneath the focusing cloth. It is also excellent practice, when using plate 
or film holders, to keep the focusing cloth over the back of the camera during 
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the making of the exposure, as this will assist in preventing the entrance of 
any extraneous light through the dark slide slot or around the holder. 

33. Focusing cloth.—The focusing cloth is usually of some black, closely 
woven, heavy material. It is preferably rubberized, because in this form it is 
both light-tight and waterproof and in an emergency can be used to protect 
the camera from rain. When focusing and composing the picture on the screen 
the cloth is thrown over the head so as to exclude as much extraneous light as 
possible and enable the image to be clearly seen and easily studied. The use 
of the focusing cloth, especially in windy weather, will be found awkward un- 
less it is properly handled. To do so, hold the opposite ends between the 
thumb and fingers of each hand and stretch the cloth taut; then, with both 
hands, throw it over the head as if it were a shawl, and draw the edge of the 
cloth tightly around the back of the camera. 

34. The tripod.—Each Jeg of the tripod is in four sections and each section 
should be extended in turn before attaching the leg to the tripod head. The 
first section of each leg is formed by turning back two sticks, the ends of 
which spring between and fit into one of the three pairs of sockets in the 
tripod head. The second, third, and fourth sections of a leg are extended tele- 
scopelike in a manner readily apparent. In shortening the legs of the tripod 
it is important that the sections be actuated in the reverse of the order men- 
tioned—that is, that the shortening be accomplished if possible by the single 
metal-pointed stick forming the extreme end of the leg. If the amount of 
shortening thus obtained is insufficient, then shorten the next section. In tight- 
ening a section by means of the knurled Knobs it should always be seen that 
the pressure is applied to a solid thickness of one or more sticks. Under no 
circumstances should an attempt be made to tighten a section when there is a 
space between the sticks composing it. The obvious result of such tightening 
will be the bending inward and snapping of the sticks. In closing the tripod, 
see that the sticks of all sections are pushed in as far as they will go, par- 
ticularly that the metal-pointed end of the single stick is completely in so as 
to be sheathed and thus will not scratch or damage the carrying case. 

35. Operation of view camera.-—a. Attaching camera to tripod.—The view 
camera is ordinarily used on a tripod, although it may be supported on any 
other kind of suitable stand. Before attempting to open the camera it should 
first be attached to the tripod, which has been set up previously in accordance 
with the instructions contained in paragraph 34. With one hand suspend the 
camera by the handle at the top and with the other hold the tripod screw, 
engage the screw in the socket in the base of the camera, and turn it in as far 
as it will go. Do not let go of the camera or attempt to open it until it is 
securely fastened to the tripod head. 

b. Opening the camera.—When the camera is closed it will be found that 
in the middle of the metal crosspiece on the front is a small catch which 
engages a pin in the end of the front extension. Upon raising this spring 
the front extension may be let down. As soon as the extension has been 
lowered, the winged key, in the end of it next to its hinge, must be pushed 
in as far as it will go and locked by turning clockwise. This clamps the front 
extension securely to the camera base and in its proper position. By turning 
the lower knurled knob on the right side of the base of the camera front the 
front can be racked forward on the extension to any point desired and locked 


at that point by the knurled knob directly opposite on the left side of the 
camera front. 
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c. Sliding tripod block.—Attached to the base of the camera is a wooderi 
block having a socket for attachment to the tripod. This block will travel the 
full length of the base and of both extensions when locked thereto. By moving 
the camera on the block the back of the camera may be placed directly above 
the tripod screw, or shifted until its weight is evenly distributed, or otherwise 
placed as the operator may desire. As the camera may be moved until the lens 
is centered directly over the tripod screw, a series of panoramic negatives may 
be taken that can be joined together perfectly. The sliding tripod block should 
be kept with the particular camera for which it is made, as it may not be 
interchangeable with another camera. 

d. Attaching rear extension—When the view-camera outfit is packed in the 
carrying case the rear extension is detached and separate. This part should be 
kept with the particular camera for which it is made, as it may not be inter. 
changeable with another camera. The rear extension is attached by first 
inserting the metal shoulders in the metal slots protruding from the camera 
base and then forcing the winged key home and turning it clockwise until it 
locks. When the rear extension is attached the camera body can be racked 
out on it. Before attempting to detach the rear extension see that the camera 
body is first racked forward far enough to uncover the slots in which the metal 
shoulders of the base are fitted. 

e. Leveling the camera.—Usually the view camera will be used without the 
rear extension, as this part is needed only when the amount of bellows 
required demands it. When the camera has been properly attached to the 
tripod and opened care must be taken to see that the focusing screen is parallel 
with the front of the camera, otherwise there will be distortion in the image. 
The knurled knob actuating the vertical tilt of the back should be turned until 
the back appears to be parallel with the front. The pendulum on the right 
side of the camera will aid in setting the back in a vertical plane. This pendu- 
jum is also useful in leveling the whole apparatus on uneven ground. When 
the camera is level the vertical planes of images on the screen will be parallel 
with one another and the surface of the screen will be perpendicular to the 
principal axis of the lens. 

f. Focusing the camera.—Rack the front of the camera out to at least the 
focal length of the lens; loosen the tripod screw slightly, so that the camera 
may be turned on the tripod head. Open the shutter and set the diaphragm 
at the largest working aperture of the lens, focus the image on the screen by 
racking the front as far forward or backward as may be necessary, and turn 
the camera in whatever direction may be required to include the desired view 
on the focusing screen. When the rear extension is used and when, in order 
to distribute equally the weight of the camera, the front and back are resting 
one on the front extension and the other on the rear extension, focusing can 
be accomplished either by turning the knob that racks the front of the camera 
or by turning the knob that racks the back. Although both knobs may be 
employed in focusing when the front extension alone is used, it is the practice 
in this case to depend entirely upon the front knob. When the desired focus 
is secured the front and back are locked by the knurled knobs on the left 
side, as already explained. 

g. Rising and falling front.—The lens board fits in the front of the camera, 
which slides between two uprights, so that the lens on its board can be raised 
or lowered by turning a knurled knob located directly above the front focusing 
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knob. This rising and falling front is designed to increase or to diminish 
the amount of foreground in the picture. 

Caution: Immediately after a photograph has been taken with the sliding 
front in a raised or a lowered position the front should be returned to its 
neutral position, which is accomplished when the head of a small tack driven 
in the right upright is directly opposite the head of the same kind of tack 
in the rising and falling front. 

h. Reversible back.—To the four edges of the camera back are attached pins 
that fit into apertures in springs fastened to the top and bottom of the 
camera body. The whole back may be easily removed by lifting the springs 
and pulling the back free. When removed the back is turned in the hand 
to the position desired and a new set of pins engaged in the spring apertures. 
Thus, the photograph may be composed on the focusing screen and taken 
with the long side of the plate or film in a vertical position or in a horizontal 
position, and the dimensions of the picture may be made either 10 by 8 inches 
or 8 by 10 inches. 

i. Horizontal swing to the back.—Under the ends of the camera body that 
extend out over the camera base will be found knurled knobs. By turning 
the knob on the right in one direction the base of the focusing screen can be 
turned at an angle to the lens, and by turning the knob in the opposite direction 
the screen can be set at an angle away from the lens and by means of the 
opposite knob locked in either position. This movement is rarely employed 
except in portraiture; it compensates for slight distortion laterally that may 
appear when very long objects are photographed from the only position possi- 
ble, which may not permit of the elimination of such distortion. This move- 
ment should always be used with a small opening of the diaphragm of the 
lens in order that a sufficient depth of focus may be obtained. 

j. Vertical tilt to the back.—Above and slightly forward of the back focusing 
knob on the camera base wilf!be found a similar but smaller knob which 
may be turned in either direction, with the result that the back of the camera 
can be put at an angle to or away from a perpendicular line passing through 
the lens, and by means of the knob directly opposite this one on the left 
the back can be locked in this position. This vertical tilt secures the inclusion 
in the photograph of some object lying a little beyond the limits of the plate, 
such as the extreme top of a tall building. When the back is tilted in this 
way the diaphragm of the lens should be reduced in order to secure sufficient 
depth of focus. 

k. Inserting plate or film holder.—To insert a plate or film holder, place 
the fingers of the left hand on top of the camera and with the thumb pull 
back the focusing screen frame sufficiently to allow the easy entrance of 
the end of the holder. After shoving the holder a part of the way in and 
under the focusing screen remove the left hand from the top of the camera 
and place it opposite on the left side. Then, with the right hand, push the 
plate holder in as far as it will go while pushing against and thus steadying 
the camera with the left hand. The holder is in the proper position when 
the click is heard as the safety guard or ridge on the end of the holder 
enters the groove in the camera back in which it is intended that it should 
seat. Then, with the fingers of the left hand, push back slightly on the 
opposite edge of the holder. To remove the holder, reverse the order of the 
operations, taking care to pull back the focusing screen frame sufficiently to 
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allow the end of the holder to be lifted up and out of the groove. When 
this is done, withdraw the holder slowly with the right hand while holding 
back on the focusing screen with the fingers of the left and allowing the 
screen frame to return gently to the position it occupied before the holder 
was inserted. Under no circumstances attempt to jerk the holder out of the 
camera or allow the focusing screen to snap into position. Such a practice 
results not only in injuring the holder but also the back of the camera and 
at the same time throws the focusing screen out of alignment so that its 
surface will not lie in the same plane as the surface of the plate or film, and 
blurred or out-of-focus pictures will result. 

l. Closing the camera.—The proper closing of the view camera is very impor- 
tant. These operations should be strictly followed in sequence: 

(1) If the rear extension is attached remove it in the manner directed in 
d above. 

(2) See that the rising and falling front is in the neutral position (g above). 

(3) See that the horizontal swing to the back is in a neutral position 
(4 above). 4 

(4) See that the vertical tilt to the back is in a neutral position (j above). 

(5) Loosen the knobs opposite the focusing knobs and carefully rack in the 
front beyond the hinge attaching the front extension to the camera base. 

(6) Loosen the front extension by turning the winged key counterclockwise 
until it is forced out. 

(7) Raise front extension until the pin on the end of it engages the spring 
attached to the crosspiece between the uprights of the front. In doing so be 
careful not to pinch the rubber hose or shutter release. The hose or cable 
should be slightly curved around the lens between the upraised sides of the 
front extension. Too much care can not be used in closing the view camera 
properly. 

36. The view-camera lens.—An anastigmat lens of the convertible type is 
invariably used on the view camera. This lens is composed of a front and 
rear element. When both elements are in place a lens of one focal length is 
obtained. When the rear element alone is used a lens of greater fucal length 
but less speed is obtained, and when the front element alone is employed a 
tens of still greater focal length but also of less speed is afforded. These three 
lenses are usually in focal lengths of 12 inches for the doublet, 21 inches for 
the rear element, and 28 inches for the front element. 

37. The view-camera shutter.—The shutter used on the view camera is of 
between-lens type—that is, the lens elements are mounted on each side of the 
shutter. Although various kinds of shutters of this type may be found in the 
Army equipment, they are all operated in nearly the same way. There are 
three kinds of between-lens shutters—viz, automatic, semiautomatic, and set- 
ting. Automatic shutters are actuated by the release without the necessity of 
setting. The semiautomatic works automatically for some kinds of exposures 
and must be set for the other kinds, and the setting kind requires a setting 
of the shutter for all exposures. Figure 2 shows a common type of between- 
lens semiautomatic shutter known as the compound. This shutter gives auto- 
matically and without setting a “ time” exposure, or one of indefinite duration ; 
a “bulb” exposure, or one for the length of time the release is held; and by 
setting ‘ instantaneous,” exposures of the following accurately timed lengths: 
1 (one second), 2 (one-half second), 5 (one-fifth second), 10 (one-tenth second), 
25 (one twenty-fifth second), 50 (one-fiftieth second), 75 (one seventy-fifth 
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second), and 100 (one one-hundredth second). Referring to Figure 2, the fol- 
lowing are the instructions necessary for the operation of the shutter: 

a. To set diaphragm—Move stop indicator to opening des:red according to 
graduated scale, which is in three parts—the lower designed for the doublet 
lens, the m:ddle, when the rear lens element alone is used, and the upper, when 
the front lens element alone is used. 
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FIGURE 2.—-The compound shutter 


b. To make a time exposure—Move exposure indicator to “T,” press finger 
release to open, and press again to close, or press in the plunger at the end 
of the cable release, once to open the shutter and again to close it. 

c. To make a bulb exposure.—Move exposure indicator to “B” and actuate 
either by finger or cable release. 

d. To make an instantaneous exposure.—Set time indicator to the whole or 
fraction of a second as desired, press down setting lever until it clicks and 
stays down in lower position; actuate by finger or cable release. 
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38. The cable release.—Some types of shutters employ a pneumatic release 
composed of a rubber bulb attached to the shutter trip mechanism by small 
rubber hose, and the shutter is operated by pressure of the bulb. More modern 
types employ the cable release. The purpose of the pneumatic or the cable 
release is to actuate the shutter without moving the camera. As the lens end 
of the camera readily vibrates to the slightest movement, causing a blurred 
photograph, the pneumatic or cable release should always be used. In case 
of its failure the finger release may be resorted to, but if this is done great 
care should be taken when operating it not to move the camera. 

39. Care of view camera and accessories.—It will be observed that the view 
camera is composed principally of a leather bellows and wooden framework. 
While the framework is of the best material, is an example of excellent cabinet- 
making, and is reinforced by metal, it can easily be injured and thrown out 
of alignment by careless handling. When not properly aligned a view camera 
will never give satisfactory results. Extreme carefulness must always be used 
when handling the camera. When opening or closing it or when using it in 
any way never use force. Take time to See what is binding or giving difficulty, 
looking first at the locking knobs, especially those on the rising and falling 
front. Before attempting to close the camera always see that the rising and 
falling front has been returned to its normal or center position. Keep the 
rear extension base and sliding tripod block with the particular camera for 
which these parts were made. They are not always interchangeable with other 
cameras. With proper use, the principal wear of the view camera is in the 
bellows. As these are usually made of good material, they should last for 
years. When not in use the camera should be kept in its carrying case. 
The bellows should never be intentionally exposed to sunlight, as it has a ten- 
dency to dry them out and make them crack. Cracked or leaky bellows can be 
repaired, but when once the bellows begin to deteriorate they will always 
‘give trouble, and dependence for good work can not be placed upon the 
camera. Occasionally dust should be wiped from the inside of the camera. 
The care of photographic lenses is explained elsewhere. The same care should 
be taken of the shutter as is taken of a watch. The mechanism of the shutter 
is complicated, and when it is out of order the shutter should be sent for 
repair purposes in accordance with orders of higher authority. The slides of 
the plate holders are usually of pressed board. The holders, as well as the 
camera, should always be protected from dampness and the splashing of 
water or solutions. 

40. The graflex-camera outfit.—a. The grafiex-camera body—The grafiex- 
camera outfit as used in the Army consists of the graflex camera with lens 
(fig. 3) and focusing panel, cut-film magazine, film-pack adapter, and carrying 
ease for the camera. The type of graflex generally used is known as the 
revolving-back autograflex. This camera takes a photograph 4 by 5 inches, 
It is 10 by 6% by 8 inches and weighs 71% pounds. The lens board is 3% by 
3% inches, the bellows capacity is 1814 inches, and the minimum focus of 
lens accommodated is 8% inches. The focal length of the lens ordinarily used is 
approximately 10 inches. The camera is similar in construction to other 
models of the graflex and consists essentially of a box with a movable front. 
However, in the case of a revolving-back autograflex, the front is let down and 
forms a bed upon which an extra amount of bellows gives considerable focal 
capacity, the advantage of which is the accommodation of lenses of longer 
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focal length and a consequent increase in the size of the image when a photo- 
graph is made at a distance from the subject. To the camera may be attached 
a plate holder containing 2 plates, or a plate maguzine holding 12 plates, or 
a film magazine accommodating 12 cut films, or an adapter for a film pack 
sufficient for 12 exposures, or a holder in which roll film enough for 6 exposures 
may be used. Between the lens and the focal plane is a mirror set at an 
angle of 45°, which reflects the image right side up on a ground-glass screen 
set in the top of the camera. Around this screen is a folding hood attached 
to a hinged lid which forms the outside top of the camera. By releasing the 
spring securing the free end of this lid it is possible, by means of the camera- 
carrying handle, to draw back the lid until it is almost vertical, thus permitting 
the full extension of the focusing hood. Metal supports on the side of the lid 
enable the operator to lock it in an almost vertical position. This hood ex- 
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Ficgure 3.—The graflex camera 


cludes extraneous light and permits the operator to focus the image by turning 
either of the two Knurled knobs found in the right side of the camera. The 
reflecting mirror iS brought into position by the mirror lever. The shutter 
is set in the manner explained in paragraph 42, and the exposure is made by 
pressing a release lever on the left side of the camera located almost directly 
oppos:.te the rear focusing knob. On pressure of this lever the mirror is released 
and Swings to the top of the camera and releases the shutter. With a 
graflex the image can be followed on the ground glass and focused up to the 
moment of exposure. 

b. Operation of grafler—tIn using the camera the following operations are 
performed in sequence: 

(1) The front is let down by pressure on a concealed button, located in the 
camera body above the raised front, and the lens is racked forward by means 
of the rear focusing knob. 
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(2) The lid is raised by releasing the spring catch, and at the same time 
the hood is erected the lid is locked in position by pressure on metal supports 
on the side. 

(3) The mirror is brought into position by pushing down on mirror lever, and 
focusing is accomplished by first using the rear focusing knob and afterwards 
the front focusing knob. 

(4) Exposure is made by pressure of release lever on left side of camera. 

The graflex may be used on a tripod, there being a tripod socket provided 
in the bottom of the camera. When so used, if it is not convenient to focus 
through the hocd, the focusing panel may be employed. This is attached by 
dropping the lower edge of the panel into the flange at the back of the camera 
and locking the upper edge of the panel with the sliding bar near the top of 
the camera. A small amount of rising front is provided on the graflex, which 
is regulated by milled knobs on the uprights in which the lens board slides. 
After loosening the knobs the front is raised to the position desired and held 
there by tightening the knobs. When the rising front is used care must be 
taken to let it down to the neutral point before attempting to rack the bellows 
preliminary to closing the camera. When a lens of unusual focal length is 
used, or when the subject is close, the front focusing knob should be used, after 
the bellows have been racked as far as they can be with the rear focusing 
knob. In closing the camera, press forward on the two metal supports at the 
sides of the lid, fold in the hood, and press the lid down until it engages the 
Snap spring. With the rear focusing knob (beginning if necessary with the 
front focusing knob) rack in the lens and bellows as far as they will go, 
press down on the two small metal arms supporting the bed, and close the bed 
until it engages the spring catch. In order to protect the shutter, there should 
always be a focusing panel, plate holder, magazine, or the like locked in posi- 
tion in the back of the camera. The back of the camera can be revolved after 
first pressing the reversible-back release button. When the back is reversed 
photographs may be taken with the long side of the plate or film vertical. The 
focusing screen under the hood is large enough and so ruled as to make it 
unnecessary to reverse it when the back is reversed. 

41. Lens used on graflex camera.—An anastigmat lens of a speed of f-4.5, 
with a focal length of approximately 10 inches, is usually used on the graflex 
camera, This lens is in barrel mounting which contains an iris diaphragm 
that is operated by a milled ring, upon which are graduations for diaphragm 
openings according to the f system. 

42. The grafiex shutter.—a. Description—The shutter in the graflex camera 
is of the focal plane type. In the curtain are five slits or apertures of the fol- 
lowing widths: 4% inch, % inch, *4 inch, 114 inches, and one the full width of 
the focal plane. This curtain is wound on rollers, one of which is controlled by 
a spring which may be wound to six different tensions, By tension of spring 
and size of aperture the amount of exposure is regulated. Twenty-four 
exposures, ranging from one-tenth to one one-thousandth of a second, are 
afforded. A metal plate containing a table indicating the aperture and tension 
necessary to obtain each of these exposures is attached to the hood of the 
camera. The shutter controls are on the right side of the camera near the 
focal plane. By reference to Figure 3 these controls will be found to consist 
of the mirror lever, the aperture regulator, the tension regulator, and the 
exposure release lever. The last named is on the left side of the camera, 
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b. Instantaneous exposures.—Referring to Figure 3, the following operations 
are necessary to make an instantaneous exposure with the graflex camera: 

(1) Press mirror lever down until it catches in a downward position. 

(2) Having calculated the required exposure, consult the table attached 
to the camera hood for the tension and width of curtain aperture at which the 
shutter should be set to give the desired exposure. 

(3) Turn the tension regulator until the desired amount of tension shows 
in the tension window. 

(4) Turn the aperture regulator until the desired width of curtain aperture 
appears in the aperture window. 

(5) The shutter is now set and the exposure is made by pressing the 
exposure release lever. 

c. Making a time exrposure.—Referring to Figure 3, the following operations 
are necessary for making an exposure with the graflex camera of an indefinite 
length, which is called a “ time exposure ” : 

(1) Press mirror lever down until it catches in a downward position. 

(2) Turn aperture regulator until the letter “T” appears in aperture 
window. 

(3) Press exposure release lever. This begins the exposure. 

(4) Conclude exposure at expiration of desired length of time by pressing 
down mirror lever until it catches in downward position. (Be careful not to 
move the camera in doing this.) 

(5) Close focal plane by turning aperture regulator to any other aperture 
but O, which means open. 

d. Practice with grafler camera.—Before attempting to use the graflex 
camera, its operation, especially that of its shutter, should be thoroughly prac- 
ticed and the movement of the shutter in the focal plane studied. This can 
be done after removing the focusing panel or similar attachment from the focal 
plane or back of the camera. It will be observed in this practice that the 
curtain aperture can not be changed unless the mirror is down and in position. 
As light is always passing through the lens, when the mirror is in the down- 
ward position it protects the plate or film from exposure while a curtain 
aperture passes across the focal plane during the setting of the shutter for the 
next exposure. 

43. The graflex cut-film magazine.—a. General._—The graflex cut-film maga- 
zine is designed to carry 12 cut films in metal septa. Each septum is numbered 
on the back, and this number appears at a ruby-colored window in the back 
of the magazine as each exposure is made. When a film is exposed the 
septum is drawn by means of a sliding rod into a leather changing bag 
attached to the end of the magazine and reinserted by hand into the rear 
of the magazine. The film is held in the septum by means of the flanges around 
three sides of the septum. 

b. Loading the cut-film magazine.—In a dark room, under suitable safe light, 
remove back of magazine by pressing on concealed button in end opposite 
the changing bag and remove septa. Place film on the right, the magazine 
chamber on the left, and the 12 septa open end to the right and face up, No. 1 
on the top and in numerical order to No. 12 on the bottom. Now take the 
first film and handle it by the edges until the emulsion side is found and 
then slip the film underneath the flanges of the septum. The loaded septa 
are placed in the magazine chamber (film side downward) with the closed end 
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toward the folded changing bag so that the numbers of the septa will be in 
proper sequence—that is, from 1 to 12, counting from the front to the back 
of the magazine. When loading be sure that the first septum is allowed to 
drop flat into the magazine, with the open end forced against the end of the 
magazine opposite the bag. The second septum returned will then drop into 
proper position. On the other hand, if the first two septa are placed in the 
magazine at one time at an angle of 60° or 70°, the second septum is likely 
to force its way into the opening toward the bag, and if pushed down flat will 
bend and jam the operation of the magazine. The back is then placed on the 
magazine and locked by pushing the end opposite the bag down until the spring 
catch at the concealed button engages. 

c. Attaching magazine to camera.—While holding the magazine in the right 
hand with changing bag underneath, drop the lower edge of the magazine 
into the bottom flange at the back of camera and lock the upper edge of the 
magazine with the sliding bar on the camera. 

d. Changing the septum.—When the loaded magazine is in position on the 
camera back, unfasten the strap holding the changing bag and withdraw the 
independent slide that protects the film. After the exposure has been made, 
draw out the changing bag to its full extension, grasp the ring under the bag 
with thumb and forefinger of the right hand, and draw out the rod to the full 
limit of motion, thereby pulling the septum containing the exposed film into 
the changing bag, then push the rod back into the magazine until the end of it 
snaps into position beyond the edge of the next septum to be drawn. Grasp 
the septum holding the exposed film, which is now in the changing bag, and 
carry end of bag back until it is on a line with the back of the magazine; 
swing the inner end of the septum toward the back of the magazine at the 
same time and push it all the way into the space between the back pressure 
springs and the last septum. Having done this, press all septa against opposite 
edge of magazine chamber until the closed ends can be felt through the bag 
to be in alignment. The number of a septum or exposure made will then 
be visible at the window in the back of the magazine. This film-changing 
operation is repeated with each succeeding exposure until all the 12 films 
have been exposed and septum No. 12 again appears at the window. 

e. Removing magazine from camera.—lIt is not necessary to expose all the 
films before the removal of one or more for development. When the independ- 
ent protective slide is in position the magazine may be removed from the camera 
at any time and taken to a dark room, where any number of the exposed films 
may be removed. When removing one or more exposed films to be developed, 
the empty septa must be returned to the magazine bofore proceeding w:th the 
making of further exposures, as it is necessary to keep 12 septa in the magazine, 
whether all or only part are louded, in order to create enough pressure against 
the back springs to hold the forward septum in correct register of focus. 

f. Care of magazine.—The septa are all of thin metal and easily bent. The 
proper functioning of the magazine requires that the septa be kept in proper 
form. If sufficient care is used in operating the magaz'‘ne, the septa will retain 
their shape. In loading or unloading the septa, the hands must be clean and 
dry. Any moisture reaching the septa causes them to corrode and thus intro- 
duces foreign matter on the surface of the film. Before preparing to develop 
a magaz ne of film, unload all the septa at once in a clean, dry place away from 
the splashing of water or solutions and place the exposed film in a box, or 
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suitable light-tight temporary container, until needed for development. It is 
wise to prohibit the taking of film magazines into negative-making laboratories 
and to require that magazines be loaded and unloaded in a special room and the 
exposed film transferred from such a room to the negative-making laboratories 
in temporary containers of the k nd mentioned. 

44. The grafiex plate magazine.—a. Loading the magazine.—The graflex 
plate magazine is nearly identical in construction with the graflex cut-film 
magazine. The only difference is in the size of the septa and consequent greater 
width of the magazine chamber. As the glass support of plates is thicker than 
that of cut film, plates require septa with wider fianges and therefore take a 
deeper magazine chamber. The glass of which the plates are made sometimes 
varies considerably in thickness, and sometimes in loading plates it may be 
found that one is too thick to fit into the septum. Such a plate should be dis- 
carded. The adoption of a system in loading will save time and, by preventing 
confusion, minimize the source of mistakes. It is therefore recommended that 
the following procedure be followed in loading a graflex plate magazine: On 
the table or loading shelf place the plates to be loaded on the right, the maga- 
zine chamber on the left, and the 12 septa with open ends toward the right with 
faces up, No. 1 on top and the others in sequence below, with No. 12 on the 
bottom. Now take the first plate and, handling it by the edges until the 
emulsion side is found, dust it off by brushing it lightly with a camel’s-hair 
duster and tap it lightly edgewise on the table to jar off any dust that may be 
adhering to the surface; grasp the plate in the right hand by the edge, emul- 
sion side up and toward the palm of the hand; with the left hand pick up 
septum No. 1, open end up and between the thumb and forefinger. Squeeze 
this end together slightly, so that the plate can be easily inserted. When the 
plate has been slipped into the septum and been pushed all the way into place 
release the pressure on the end of the septum. This will cause the slightly 
bent-up edge in the open end of the septum to return to its normal position and 
prevent the plate from sliding out of the septum. After loading, each septum 
is placed film downward in the magazine chamber, with the closed end of the 
Septum toward the folded changing bag, so that the numbers of the septa will 
be in order from 1 upward to 12. Replace the back on the magazine; push 
the end opposite the bag down until the spring catch at the concealed button 
engages, 

b. Unloading the magazine-——Remove the back from the magazine, place the 
left hand over the magazine chamber, and invert the chamber so that the 12 
septa will fall into the hand with the emulsion sides of the plates upward. 
Carefully lay the septa on the table and then proceed to remove the plates. 
To do this, grasp a septum in the right hand with the plate up and the open end 
of the septum near the left hand, which should be extended and ready to catch 
the plate should it slide out of the septum. Turn the septum to a vertical 
position, and if the plate fails to slide into the left hand, squeeze the end of 
the septum with the fingers of the right hand; and if the plate still remains 
unmoved, raise the right arm slightly and bring the right wrist smartly down 
on the heel of the left hand. The jar thus created will usually be sufficient 
to cause the plate to slide out of the septum into the left hand or at least 
to make the end of the plate protrude sufficiently to be grasped by the edges 
and pulled out of the septum. Unless septa are kept in good condition at all 
times it will be difficult to load or unload them. Also, if any part of a septum 
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is bent out of place it may scrape the surface of the next plate when the plates 
are changed from the front to the rear of the magazine when using the latter. 
If a plate can not be removed from the septum by the usual procedure de- 
scribed, the blade of a penknife should be inserted between the plate and the 
septum, and by pressing on the edge of the plate with the thumb, against 
opposite pressure exerted on the blade as it is held in the hand, a sufficient 
grasp of the plate may be obtained to extract it from the septum. Finger 
marks that would otherwise be caused by the thumb on the surface of the 
plate when removing the latter in this way can be avoided by placing a piece 
of paper between the thumb and the plate. If plates are to be stored in a plate 
box until developed, they should be placed, emulsion side to emulsion side, so 
as to prevent fingerprints that might be on the glass side of the plate from 
coming into contact with the emulsion of the next plate. The box should be 
sealed, marked “Exposed,” and stored on edge until plates are developed. When 
removing plates from the plate magazine for immediate development, return the 
septa to the magazine chamber before starting to develop, as the handling of the 
septa with hands moist with the developer will cause them to rust and give 
trouble in the development of plates afterwards exposed in the septa, as this 
rust will adhere to the surface of the plates as well as to the hands of the 
operator and be carried on the latter into the developer. 

45. The graflex film-pack adapter.—The film-pack adapter is hinged on 
the side and lies open like a book. The film pack is laid in the adapter so that 
the black paper tabs protrude over the edge. The cover is then closed and the 
adapter is locked to the back of the camera in the same manner as a film or 
plate magazine. When ready to make the first exposure, the safety tab is pulled 
out until the crossline is reached; it is then torn off. The protective slide 
of the adapter is withdrawn and the first film is in position for the exposure. 
When this has been made, No. 1 tab is pulled out until the crossline is reached 
and then torn off. In this way the remaining films in the magazine are used. 
The pulling out of the No. 12 automatically seals the pack, when it can be 
removed from the adapter and a fresh pack inserted. If at any time befvre 
all 12 films are expvsed it is desired to remove the adapter from the camera 
the protective slide must be first inserted. Always handle a film pack by the 
edges and never press it in the middle or wedge it tightly between anything. 
The pulling out of the black paper tab should be done with a slow, constant 
movement, as an uneven or fast movement may result in damaging or tearing 
the paper tab. While pulling out a tab with the right hand, hold down the 
tops of the other tabs with the thumb of the left hand. 

46. Care of graflex camera and accessories.—The graflex camera is of sturdy 
construction and with a reasonable amount of care should always give excellent 
service. The tension of the shutter spring weakens with age. and in order 
to prolong the life of this spring the tension sheuld be released immediately 
after any work with the camera has been finished and before the camera is 
returned to the storage cabinet. Upward pressure on tension-release button 
will let out the tension. The inside of the camera should be dusted out oc- 
easionally and the mirror and focusing screen Kept clean. 

47. Repair of graflex camera.—t. Replacing the curtain —Oceasionally it 
may be necessary to replace the curtain or to correct the shutter tension. 
Access can be gained to the curtain by removing the floor plate at the bottom 
of the camera. To remove the curtain, first remove the revolving back, then 
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open the curtain to full aperture and take out the two wooden strips inside the 
camera. The curtain may now be lifted out. To return the curtain, remove 
shutter-control mechanism, which is located on the side of the camera, set 
dial at “O,’’ and wind curtain by hand until the full or widest aperture is in 
position at the opening in the back of the camera. Hold the curtain in this 
position and replace the control mechanism. 

b. Correction of tension—To correct tension, remove small hexagonal nut 
from tension plate, remove screws, insert small screw driver in slotted pinion. 
By turning the pinion the tension can be either increased or reduced. When 
the tension dial is set at No. 1 and the camera is placed on its side the tension 
should be just strong enough to close the curtain from the open position. 

c. Tears in curtain—It is not advisable to patch the curtain on a graflex 
camera, because it operates so close to the camera body that a patch may 
cause the curtain to jam. Old curtains, however, constitute good material for 
patching the camera bellows. 

d. Checking correctness of focusing screen—Due to shrinkage of wood, a 
discrepancy may develop between the focus as shown on the ground glass 
under the hood and that on the film or plate. Frequent checks should be made 
to eatch such a discrepancy as soon as possible. To make a check, insert the 
focusing panel in the back of camera, open the shutter completely by setting it 
at “O,” and focus on an object, using the focusing panel; then bring the mirror 
down into position and see whether there is any difference between the defi- 
nition of the image of the object as shown on the focusing panel and that shown 
on the focusing screen under the hood. If both images are not equally sharp, 
loosen the bottom of the hood and thus gain access to the ground glass in the 
top of the camera and adjust the glass accordingly. The discrepancy may 
sometimes be corrected by reversing the ground glass or by slightly elevating 
it by means of a paper gasket. Unless the two focusses exactly coincide, the 
photographs will be out of focus, although when observing the image through 
the hood it may have appeared to be in excellent focus. 

48. Training course.—This section on ground cameras is designed to give 
the instruction necessary to use each type of camera described. In the pre- 
ceding paragraphs the correct operation of each camera and accessory is ex- 
plained in detail; and in the paragraph that follows, such drills in the use of 
camera apparatus will be prescribed as will enable the student to acquire the 
requisite degree of skill. This camera training should be given in advance of 
actual photography with a camera and should be in preparation therefor. The 
drills should be thorough and should be repeated often enough to ground the 
Student in camera operation so that when practical photography is undertaken 
there will be no failure due to lack of suffic‘ent skill with the camera. 

49. Instruction vrocedure.—a. Packing the view-camera outfit—(1) See 
paragraph 31. 

(2) Remove the contents from a view-camera carrying case. 

(3) Pack the view-camera carrying case fully and properly with camera 
and accessories. 

b. Loading the view-camera plate holder.—(1) See paragraph 382 a. 

(2) Remove, in turn, each protective slide from a plate holder, clean or dust 
Slide, note which side of the wooden edge of slide is painted black, and place 
slide in a clean place with black-painted side next to loading table. 

(3) With a camel’s-hair brush dust out the compartments on both sides 

of the holder. 
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(4) Open box of instruction (previously exposed or stale) plates. 

(5) Observe manner in which manufacturer has packed the plates. 

(6) Remove one plate. 

(7) With camel’s-hair brush gently dust the dull or emulsion side of the plate. 

(8) Insert plate in holder, emulsion side uppermost. 

(9) Return protective slide so black-painted edge will be next to hooks for 
locking slide. 

(10) Hook protective slide in holder. 

(11) Repeat operations in (6) to (10) above, so as to load the reverse side 
of holder. 

c. Loading the view-camera film holder—(1) See paragraph 32 b. 

(2) Perform operations prescribed by paragraph 32 b. 

(3) Open box of instruction (previously exposed or stale) film. 

(4) Observe packing of film in box. 

(5) Remove one film. 

(6) Note position of notch in edge of film when emulsion side faces operator. 

(7) Carefully dust surface of film if necessary. 

(8) Insert film between metal grooves in film holder so emulsion side will 
be uppermost; press end of film down so that it will go under rubber in head 
of the holder when pushed all the way in. 

(9) Return protective slide to holder so black-painted edge will be next to 
hooks. 

(10) Hook protective slide in holder. 

(11) Repeat operations in (5) to (10) above, so as to load the reverse side 
of holder. 

d. Setting up the view-camera tripod.—(1) See paragraph 34. 

(2) Remove, in turn, the tripod legs from carrying case and extend sections 
fully. 

(3) Holding head of tripod in left hand, insert legs in sockets in the head, 
and lock them in position. 

(4) Spread legs sufficiently so tripod will stand up rigidly. 

(5) Shorten legs of tripod so that head will be half the distance from the 
ground that it was at first. 

(6) Restore tripod to full extension. 

e. Operating the view camera.—(1) See paragraphs 30, 33, and 35 to 39. 

(2) Attach view camera to tripod. 

(3) Lower front extension of camera. 

(4) Lock front extension in position. 

(5) Rack out camera front and lock in position. . 

(6) Rack camera body forward and lock in position. 

(7) Attach rear extension. 

(8) Level camera. 

(9) Rack front and body of camera so that camera rests equally on both 
front and rear extensions. 

(10) Open lens and set diaphragm at largest opening. 

(11) Throw focusing cloth over the head. 

(12) Focus the camera, using in turn front and rear focusing knobs. 

(13) Raise rising front and observe effect on focusing screen. 

(14) Lower rising front and observe effect on focusing screen. 

(15) Reverse back. 
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(16) Swing back horizontally, in turn, to the right and to the left, and 
return back to normal. 

(17) Tilt back to fullest extent tu and from the vertical and return back to 
normal. 

(18) Compose a view on the focusing screen. 

(19) Close shutter and set it for an exposure of one-fiftieth second at f-8. 

(20) Insert a plate or film holder and withdraw protective slide 

(21) Actuate shutter. 

(22) Return protective slide to holder so as to indicate that plate or film in 
holder has been exposed, 

(23) Remove plate or film holder from camera and place in carrying case. 

(24) Open shutter and set diaphragm opening at f-6.8. 

(25) Remove front element of lens by unscrewing. 

(26) Focus the single element of lens remaining on the shutter on the same 
object of which a “dummy” was taken, and observe difference in size of 
the object on the focusing screen. 

(27) Return front element of lens and close shutter. 

(28) Attach sliding tripod block and slide camera back and forth through 
the block. 

(29) Open shutter and set diaphragm at each graduated opening, observing 
operation of diaphragm. 

(30) Close shutter. 

(31) Make, in turn, exposures of all speeds. 

(32) Make time exposure of five seconds, using finger release. 

(33) Close camera and return to case. 

(34) Disassemble tripod and return to case. 

(35) Fold focusing cloth and return to case. 

f. Loading the graflez cut-film magazine.—(1) See paragraph 43 and load a 
graflex cut-film magazine in daylight with instruction (previously exposed or 
stale) film. 

(2) Attach magazine to camera and withdraw and return protective slide. 

(3) Detach magazine from camera. 

g. Loading the grafler plate magazine—(1) See paragraph 44 and load a 
graflex plate magazine in daylight with instruction (previously exposed or 
stale) plates. 

(2) Attach magazine to camera and withdraw and return protective slide. 

(3) Detach magazine from camera. 

h. Loading the grafier film-pack adapter.—(1) See paragraph 45. 

(2) Load film-pack adapter. 

(3) Attach loaded pack adapter to camera. 

(4) Withdraw and return protective slide of adapter. 

(5) Detach adapter from camera. 

i. Operating the grajfler camera.—(1) See paragraphs 40 to 46. 

(2) Let down camera front. 

(3) Raise lid and erect focusing hood. 

(4) Bring mirror into position. 

(5) Focus on a near-by object. 

(6) Focus on an extremely close object. 

(7) Set lens diaphragm to each graduated opening and then back to the 
largest aperture. 

(8) Make a time exposure with the graflex. 
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(9) Make each of the instantaneous exposures given on the metal table 
attached to the hood while observing the action of the shutter in the focal 
plane. 

(10) Attach, in turn, film magazine, plate magazine, and film-pack adapter, 
and make on each a “dummy” exposure of one-fiftieth of a second at f-8. 

(11) Insert focusing panel in camera and compare focus of image on panel 
with that given on ground glass under focusing hood. 

(12) Operate revolving back. 

(13) Detach base of focusing hood, and if necessary clean the focusing 
screen, and then reattach the hood. | 

(14) Release all tension from shutter. 

(15) Close camera. 
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Training course 

50. General.—Photographic optics is ordinarily a comprehensive subject treat- 
ing of the properties of light and the application of the intricate mathematical 
formulas used in the construction of lenses. It would be outside the purpose 
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of this manual to present this subject fully enough to enable anyone thereafter 
to follow the necessary formula and grind a lens. The purpose of this section 
is regarded as accomplished if the student can be taught enough about the 
construction of the photographic lenses used in military service to use them 
intelligently and to realize that they are indeed high expressions of the lens 
makers’ science and art and by no means simple pieces of glass, as they would 
appear. Specifically, it is thought that the photographic personnel of the 
Army should not only know this, but should be familiar with at least the 
common terms used with reference to lenses and know how to express in- 
telligently, in requisitions and otherwise, their needs with regard to lenses 
whenever it becomes necessary. 

51. Light.—To understand even the most rudimentary types of lenses it is 
necessary to review a little of the physics of light and afterwards the physiology 
of vision. The exact nature of light is unknown, but it is supposed that it is 
caused by vibrations transmitted in waves through a medium called the ether. 
These waves average about one fifty-thousandth of an inch in length and travel 
at the rate of about 186,000 miles a second. 

52. Light travels in straight lines.—When direct sunlight enters a darkened 
room through a small hole one can trace its course and boundary in the room 
by means of the air-borne dust particles which are lighted up by it. The 
boundary, or side of the light, is straight. The sunlight thus entering the 
darkened room is called a beam of light. A slender beam is called a pencil of 
light and a very slender pencil is called a ray, and is represented ordinarily 
in drawings, as well as in the figures illustrating this manual, as a straight line. 

53. How objects are seen.—Very few of the visible objects shine by their 
own light, as can be easily determined by taking them in a dark room. They 
merely reflect in all directions the light which has fallen upon them. Some 
of the light thus given off passes through the eyes, and in passing through 
is converged into images of the objects before them, which are registered upon 
the optical nerve center. The human eye, then, is really an optical instrument. 
Like a camera, it has a lens, a diaphragm (iris), a shutter (eyelids), and the © 
retina, which corresponds to a photographic film upon which the image of 
the observed object falls. (Fig. 4.) 
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FiGuRn 4.—Cross section of the human eye 
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54. Formation of the image.—The image of an object is formed on the pho- 
tographic film by the lens. The formation of an image by a lens depends upon 
the power of glass to refract light. 

55. Refraction of light.—Figure 5 represents a ray of light traveling in a 
straight line and encountering a sheet of plate glass. If the direction of the 
ray is perpendicular to the glass, the ray will pass through in a straight line 
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Figure 5.—No refraction of light 


and be merely retarded in its course, since light travels more slowly through 
glass than through air. However, if the ray meets the glass at any other 
angle than a right angle (fig. 6) the edge of the ray which first reaches the 


Light ray passing LArU 
Glass atl ar angle. 


FIGURE 6.—Refraction of light 
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glass is retarded more than the other edge, since the latter is still traveling 
through the air. However, on emerging from the glass the reverse takes 
place and the ray resumes its former direction, having been merely displaced 
laterally. If, however, the surfaces of the glass are not parallel, as in the 
case of a prism (fig. 7), the ray continues in a direction different from its 





FIGURE 7.—Refraction of light by prism 


original path. Referring to Figure 7, it should be noted that the edge BB’ 
is retarded less than the edge AA’, so that the ray is bent toward the base of 
the prism, and if the ray is sufficiently prolonged will meet the prolonged base 
at some point. The distance from this point to the prism depends upon the 
angle of the prism, the kind of glass of which it is made, and the angle at which 
the incident ray meets he prism. 

56. Application of the principle underlying lens construction.—a. Every 
point of an object sends out rays of light in every direction. These rays 
either originate in the object or are reflected by it. The rays which ordinarily 
reach the camera lens from a distant object may be considered as parallel 
because the diameter of the lens is so small when compared with the distance 
the rays have traveled before reaching the lens. 

b. If two prisms are placed with their bases together, as shown in Figure 
8, the two rays indicated, if equidistant from the axis of the prisms, will 
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FicurE 8.—Refraction of light by two prisms 
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positively meet on the other side of the prisms and will form a point corre- 
sponding to the point from which they come. Imagine each of these prisms 
sliced into a great number of very thin layers and then that each is replaced by 
a prism of an angle slightly different from that shown in Figure 8, then the 
composite surface of these small prisms will closely approach the curved sur- 
face of a lens. Therefore, the spherical surface of a lens, which is the only 
kind that can be accurately ground except at prohibitive expense, may be con- 
sidered as made up of an infinite number of prisms, and all rays of light 
emanating from a point and falling on such a lens will be converted or bent 
to the same point on account of the curved surface of the lens, and by this 
converging will form a point corresponding to the point from which they come. 
This point is called the image of the point from which the rays started. This 
is true for all points of the object, and the sum of these images of the points 
constitutes-an image of the object itself. (Fig. 9.) 





Figur 9.—The principle of the lens 


57. Focal length.—a. When using a lens it will be found that in order to 
obtain a clearly defined image the lens must be placed at a definite distance 
from the plate. This distance, when the object focused on is far off, is called 
the focal length. It is often incorrectly referred to as the “focus of the lens.”’ 
As Figure 10 shows, the focal length may be roughly defined as the distance 





— foal Length 


Ficurse 10.—Focal length of a lens 
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from the lens to the point where the rays meet after refraction when the 
cbject is distant. In other words, it is the distance from the lens to the 
ground glass focusing screen in the camera, when the lens is focused on an 
object at infinity, which in the case of small lenses is at least 100 feet away. 
The focal length of a particular lens does not vary and can not be changed, 
as it is fixed by the way the lens has been ground (that is, the curvature of the 
surfaces), and also by the kind of glass used in its construction, although the 
distance to the image will vary for objects at various short distances. As a 
lens may be so made as to be of almost any focal length, by the term “size of 
lens” is often meant the focal length of the lens. For example, a 9-inch lens 
does not mean one whose diameter is 9 inches but one whose focal length is 
9 inches. 

b. The size of the image is strictly proportional to the focal length of the 
lens. To illustrate (fig. 11), suppose that it is desired to photograph some 
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FiGuRE 11.—Effect of focal length of lens on size of image 


object, such as a tree, and that the camera is placed at such a distance from 
the tree that with a lens 10 inches in focal length a clearly defined image of the 
tree 1 inch in length is obtained on the focusing screen. Now, if* without 
changing the position of the camera the 10-inch lens be replaced with one having 
a focal length of 20 inches, a clearly defined image of the same tree would 
then be 2 inches, or twice as long as the image given by the 10-inch lens. From 
this it will be seen that a lens of long focal length has a distinct advantage for 
aerial photographic work, in that the airplane can fly at great altitudes and 
therefore be safer from ground attack, and the aerial photographer can obtain 
a picture of large scale. 
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58. Necessity for focusing lens.—The point at which the rays intersect 
after passing through the lens (that is, the position of the image) is farther 
from the lens for diverging rays than it is for parallel rays. This character- 
istic necessitates the moving of the lens farther from the ground glass in order 
to locate the image of near objects, by which is meant objects within infinity 
distance, which in the case of lenses of small focal length would be about 100 
feet away. (Fig. 12.) 
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FIGuRE 12.—Necessity of focusing a lens 


59. Inversion of image on focusing screen.—The first view of the image on 
the ground-glass focusing screen of the camera is invariably followed by the 
question as to why the image is upside down and otherwise reversed. By 
referring to Figure 9 and tracing therein the indicated light rays from the top 
of the object through the lens to the focusing screen and then tracing those 
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FicurEe 13.—Comparison of two prisms with convex lens 
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from the bottom of the object to the screen, the reason why the image on the 
focusing screen is reversed will become obvious. 

60. Definition of a lens.—From what has been stated in the preceding para- 
graphs and shown in the figures designed to be studied in connection with the 
paragraphs, a lens may be defined as a portion of a refracting medium, which 
may be any transparent substance, bound by two spherical surfaces having a 
common axis. In other words, a lens is usually a piece of glass whose two 
faces are parts of spherical surfaces. 

61. Classes of single lenses.—a. The general type of lens shown in the 
figures referred to up to this point is called a convex or converging lens. It is 
thicker in the middle than at the margin and is called converging because it 
eauses parallel rays of light indicated in Figure 13 as AB and CD to converge 
or focus at a point E. 
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Figure 14.—Comparison of two prisms with concave lens 


b. The other general type of lens is called the concave or diverging lens. 
(Fig. 14.) It is the reverse of the convex lens. It is thinner in the middle 
than at the margin and causes the parallel light rays to diverge. Between 
the convex lens on one hand and the concave lens on the other are various 
forms of simple lenses, as shown in Figure 15. 
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62. Defects in the single lens.—A perfect lens would be one which gives an 
image point for point exactly like the object. In the image formed by the 
single lens that has been under consideration serious defects will be found, 
as follows: Fine lines in the object will appear blurred in the image, and 
no matter how carefully the lens is focused the image will not be sharply 
defined. Also, the middle of the image will be in better focus than the edges 
and a bright object can be seen to be fringed with color. These are defects 
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FicurE 15.—Types of simple lenses 


in the lens, and in optics they are known as aberrations. The common aberra- 
tions of a single lens, including those mentioned, are as follows: 

a. Chromatic aberration. 

b. Spherical aberration. 

c. Coma. 

d. Astigmatism. 

e. Curvature of field. 

f. Distortion. 

63. Chromatic aberration.—If a prism is placed in the pathway of a beam 
of sunshine that is entering a darkened room, it will be seen that the beam 
will be divided into the colored rays of which it is composed. (Fig. 16.) 
This separation by means of a prism of a beam of white light into its com- 
ponent colored rays is called dispersion. The band of colored light produced 
by the dispersion of a sunbeam is called the solar spectrum. Since the 
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spherical surface of a lens may be considered as made up of an infinite 


number of triangles or prisms, when a ray of white light passes through the 
simple type of lens that has been under consideration, the ray is broken 
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Ficurn 16.—The solar spectrum 


up into its components, and as shown in Figure 17 the various colored rays 
are brought into a focus at different points indicated as A, B, C, D, E, and F. 
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FicukRE 17.—Chromatie aberratton 


The red component, which is the ray of longest wave length, is brought to a 
focus at F, a point farthest from the rear lens surface than A, the point at 
which the violet component, or the ray of shortest wave length, is focused. 


39 


TM 2170-5 
63-64 AIR CORPS 


As a consequence, if such a lens were used, the blue and violet rays would 
be brought to a focus in the camera farther from the ground-glass focusing 
screen than the orange, yellow, and green rays. But the orange, yellow, 
and green rays produce the most effect on the eyes. The blue and violet rays, 
although the most actinic—that is, active photographically—appear feeble to 
the eyes. The result is that focusing is affected principally by the aid of 
apparently the brightest but really the least actinic rays, so that when the 
image is in focus to the eyes only the green, yellow, and orange rays are 
in focus and the violet and blue are not. The effect of this is that on develop- 
ment the plate will show a blurred image, caused by the fact that the violet 
and blue rays are not in focus, although the image may have appeared to 
be perfectly sharp on the focusing screen. This failure of the colored rays to 
focus at the same point is known as chromatic aberration. 

64. The correction of chromatic aberration.—a. The dispersive power of 
glass varies with different kinds according to the ingredients which have been 
used in the manufacture of a particular kind. The refracture and dispersive 
powers of types of glasses are not necessarily connected by the same ratio. 
Two specimens of glass may have the same refracture index but a widely dif- 
ferent dispersion, or vice versa. The extent to which the light ray is bent 
depends upon the refracture index of the glass, which may be explained as 
follows: If, as shown in Figure 18, the angle which a ray of light incident 
upon a transparent plain surface makes with the normal] ray (that is, one per- 
pendicular to the surface) and the angle which the ray makes with the normal 
after refraction are measured, it will be found that the ratio of the sines of 
these angles is constant for a given substance. This ratio is called the refrac- 
tive index of the substance. 


‘ 





Ficurb 18.—Refractive index of glass 


b. Crown and fiint glass having different densities vary in their refractive 
and dispersive powers. It has been found that by cementing a concave lens 
of fiint glass behind a convex lens of crown glass (fig. 19) the dispersion of 
the crown glass is completely neutralized, while the refraction is not. There is, 
therefore, a converging lens in which all colors are brought to the same focus. 
The chromatic aberration is thus corrected. Sometimes three or more lenses 
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may be used in combination. The principle, however, remains the same. A 
Jens corrected in this manner is known as an achromatic lens—that is, one that 
is free from chromatic aberration, the prefix “a” meaning absence of. 

65. Spherical aberration.-—Spherical aberration is due to the curved surface 
of the lens and may be defined as the inability of the lens to bring the rays 


Crown and flint Glass 
Zo correct 
Chromatic Aberration 


FicurE 19.—Achromatic lenses 


which pass through its edges or margin to the same focus as those which pass 
through its center. (Fig. 20.) The effect of this, if uncorrected, would be 
that no matter how the ground glass focusing screen is placed, each point 
in the image would be depicted as a nebulous disk of light, and these would all 
overlap, making it impossible to secure a sharp picture. The lens, in fact, 





FIGURE 20.—Spherical aberration 


would have no absolute focus, but rather a number of different and clashing 
foci indicated in the illustration, as A, B, C, and D. All single lenses are 
subject to this form of aberration and will not give a sharp image unless 
stopped down so that only the center is used and the marginal rays cut off. 
Spherical aberration may be negative or positive—that is, the marginal rays 
may be focused inside or outside the central. The curve of a lens determines 
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whether the spherical aberration is negative or positive and also governs the 
amount of it. Convex lenses cause positive aberration, and concave lenses 
produce negative aberration. Therefore, the elimination of spherical aberra- 
tion suggests itself as follows: Select as the convex component of the achro- 
matic combination a lens whose positive spherical aberration will equal or 
offset the negative spherical aberration of the concave component. (Fig. 21.) 
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Achromatic combination corrected for spherical aberration 
by selection of convex component having positive spherical 
aberration equal Yo negative spherica/ aberration of Can 
cave component, 


FiGcurb 21.—Correction of spherical aberration 


By this method, however, spherical aberration may be only partially eliminated. 
It can never be entirely removed as long as spherical lenses are used. For 
ordinary purposes it is considered that it is sufficiently removed if the image 
of a point of light is rendered in a picture as a circle of not more than one 
one-hundredth of an inch in diameter, as a circle of this diameter would appear 
to the eye as a point. In order to obtain more critical definition in the higi- 
grade lenses used in aerial photography than that given by photographic 
lenses as ordinarily ground, the degree of correction is to the fineness of one 
two-hundredth of an inch. Unsatisfactory spherical correction is indicated 
either by a general indistinctness of the image or by a fairly sharp image 
covered by halo (fog). Reducing the size of the diaphragm opening or 
“stopping down the lens,” as it is termed, may improve the performance of 
a poorly corrected objective. 

66. Coma.—Coma is present in a lens when the image of a bright point of 
light toward the margin of the field of view is distorted into a pear-shaped 
or coma-shaped blur. Coma is the spherical aberration of pencils of light whici 
pass through the lens in an oblique direction. It is sometimes called oblique 
spherical aberration or zonal aberration. Stopping down the lens reduces 
the amount of coma. It is corrected by carefully choosing and designing the 
optical constituents and curves of the lens. 


42 


TM 2170-5 


BASIC PHOTOGRAPHY 67 


67. Astigmatism.—Astigmatism is produced when the lens brings oblique 
rays of light to two focal lines instead of to a single focal point. The result 
is that it is impossible to have both horizontal and vertical lines sharp at the 
same time near the margin of the plate although the center of the imaze 
may be perfect. A simple test for astigmatism is to focus on a window, placing 
the image in the center of the ground glass so that the vertical and horizontal 
lines are well delineated and equally distinct. Then rotate the camera slightly 
so as to bring the crosslines to the side, to the top, or to the bottom of the 
focusing screen and examine the image; if astigmatism is present there will be 
a want of sharpness which will be most apparent. Rack the lens in and out 
and a point will be found at which the horizontal bars will be sharp, while the 
vertical ones may be so far out of focus as to be almost invisible. Now, 
manipulate the rack once more and the vertical lines will become sharp, leaving 
this time the horizontal ones as a confused mass. It is difficult to illustrate 
astigmatism graphically. If present in a lens it can be readily seen when 
performing the test mentioned. Its effect in a photograph of a lens chart can 





Figure 22.—Astigmatism 


be readily picked out in the photograph. Figure 22 is a portion of a photograph 
of a test chart in which the presence of astigmatism in the lens tested is 
apparent. The blurring shown at the side of the concentric rings, which is 
due to the presence of astigmatism in the lens, is pronounced. Astigmatism 
may be corrected to a great extent by the use of a small stop or diaphragm 
opening. In high-grade lenses, however, it is corrected by carefully designed 
arrangement of the curves and thickness of the lens components. A lens cor- 
Tected for astigmatism is known as an anastigmat, “ an’? meaning free of. The 
Perfection of certain kinds of glass produced at Jena, Germany, commonly re- 
ferred to as Jena glass, has enabled the optician to devise combinations in 
Which astigmatism is almost entirely eliminated, 
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68. Curvature of field.—Owing to the spherical form in which lenses are 
ground the image of a flat object is not formed on a plane or fiat surface, 
but on a curved one. Thus, it follows that when the middle of a picture is 





FicurkE 23.—Curvature of field 
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Ficurre 24.—Distortion and its correction 


focused the edges of the picture are out of focus; and on the other hand, 
when the edges are brought into focus the middle of the image goes out of focus. 
This fault is known as curvature of field and is illustrated in Figure 23. It 
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is corrected by designing the lens so that the focal length is somewhat greater 
for the edges of the field than for the center. 

69. Distortion.—When a lens distorts, the straight lines near the edges of the 
field are not rendered as straight but as curved. If the stop is placed in front 
of the lens the curving will be convex and a photograph of a square would show 
it as barrel shaped. (Fig. 24.) If, however, the diaphragm is behind the 
lens the curving will be concave and the square will appear pincushion shaped. 
This defect is known as curvilinear distortion. It is corrected by mounting 
two similar lenses at opposite ends of a barrel with the diaphragm midway 
between them, when the barrel-shaped distortion of the one balances the pin- 
cushion-shaped distortion of the other. Such a combination of simple lenses 
is called a rapid rectilinear lens. 

70. The anastigmat lens.—The anastigmat lens is the general type of lens 
used in military photography. It is free from astigmatism and is well cor- 
rected for chromatic aberration, spherical aberration, and curvature of field. 
However, it must be understood that it is impossible to correct absolutely 
for any error—that is, to make the lens render the image of a point of light 
as a true point over the entire field of the objective. An approximation is 
all that can be expected. The result of any optical error is to make the 
image of a point appear as a circle of appreciable diameter, and the pur- 
pose of the lens designer is to reduce the diameter of such a circle, which 
is known as the circle of confusion, to a size that will be inappreciable to the 
unaided eye. The diameter of this circle in the case of lenses furnished 
for aerial photography is one two-hundredths of an inch. As the necessary 
correction can not be attained over the entire field of the lens, the designer 
endeavors to reach the ideal over as large an angle as possible. Hence, when 
wu lens is said to be corrected for any fault it means that the circles of 
confusion due to this error do not, in the case of those lenses furnished the 
Air Corps, exceed about one two-hundredths of an inch in diameter in any 
part of the entire area of the plate which the lens is designed to cover. If 
used on a larger plate the error will become apparent. Figure 25 is a pho- 
tograph of a special chart designed to test the optical correction of the lens 
used in photographing it. This figure clearly illustrates the subject matter of 
this paragraph. 

71. Construction of the anastigmat lens.—Since an anastigmat lens is free 
from astigmatism, is corrected for chromatic aberration, spherical aberration, 
and curvature of field, it follows, from what is found to be necessary to cor- 
rect these aberrations, that such a lens must be composed of several simple 
lenses of different forms and of different kinds of glass. Figure 26 shows 
cross-section views of well-known anastigmat lenses, including those used in 
aerial photography. 

72. General construction of the anastigmat lens.—Anastigmat lenses are 
all “doublets ’°—that is, they are mounted so that there is a front element 
and a rear element—and by unscrewing, either one or both may be removed 
from the lens mounting or shutter. When the construction of the front ele- 
ment and rear element is the same, as for instance in the case of the Protar 
and Turner-Reich lenses, the lens is called “symmetrical.” Sometimes the front 
and the rear elements are corrected for use alone. In such cases the doublets 
are called “ convertible lenses.” Thus, if we had a 7-inch Protar, the front 
or the rear element, when used alone, would give a 14-inch lens, but such a 
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lens would be only one-fourth the speed of the doublet. However, sometimes 


the Protar and Turner-Reich doublets are combinations of two elements of 
Each doublet then is really three lenses in one, con- 


different focal lengths. 
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FIGURE 25.—Lens-testing chart 


sisting of a doublet which gives one focal length, the front element alone 
which gives another focal length, and the rear element alone, which gives 
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FIGURE 26.—Types of anastigmat lenses 





still another focal length. By further reference to Figure 26 it will be ob- 
served that the cross-section views of the lenses show that the front and the 
rear elements are not always symmetrical but sometimes are constructed dif- 
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ferently, as in the cases of the Tessar and Heliar lenses. Such doublets or 
combinations are called ‘“ unsymmetrical” lenses and neither the front nor 
the rear element can be used alone. Figure 26 also shows that the glasses 
making up the elements are in some cases cemented and in other cases not 
cemented. When they are cemented the lens is known as a cemented lens, and 
when not cemented as an uncemented or “ air-space”’ lens. 

73. Terms in photographic optics.—In photographic optics there are a num- 
ber of technical terms so commonly used that all photographers should know 
them and in their work take advantage of the optical laws involved. These 
common terms are— 

a. The speed of a lens. 

. The depth of field and depth of focus. 
. Hyperfocal distance. 

. The angle of view. 

. The covering power. 

. Definition given by a lens, 

. Flare in the lens. 

. The axis of a lens. 

Conjugate foci. 

j. Back focus. 

74. The speed of a lens.—a. The speed of a lens is determined by two fac- 
tors—first, the diameter of the effective aperture, which, practically speaking, 
is the width or diameter of the lens, for obviously through a large aperture 
more light will pass than through a smaller one; and second, by the distance 
the light has to travel after passing through the aperture until it reaches 
the film, for the strength of a given amount of light weakens with the distance 
the light is obliged to travel. 

b. The distance the light travels, in the case mentioned above, is the 
distance from the lens to the film when the lens is in focus. This distance 
is identical with the focal length of the lens. To repeat, then, the first factor 
regulating the speed of a lens is the diameter of the effective aperture of the 
lens and the second factor is the focal length of the lens. On these two factors 
the speed of the lens depends. This speed is the ratio existing between the 
diameter of the effective aperture and the focal length. It is expressed accord- 
ing to what is known as the f system. For instance, if this diameter is 
2 inches and the focal length is 8 inches, the speed of the lens would be ex- 
pressed under this system as f-4, that is, focal length divided by diameter. 
Other things being equal, the amount of exposure required at different stops 
varies directly as the square of the f value. If at stop or diaphragm opening 
f—-4 the required exposure is 4 seconds, at f-8 the required exposure would not be 
twice as much, or 8 seconds, but would be 16 seconds, as proved by the solution 
of the following equation: f—4’ : f-8’ : : 4 : x, for the areas of two circles (or 
circular apertures or bores in this case) vary according to the squares of 
their diameters. Figure 27 showing the division of a square will make this 
clear. If the diameter of stop f—4 of a lens having a focal length of 8 inches 
is 2 inches, then the diameter of stop f-8 would be 1 inch. As the figure shows, 
a square with sides 1 inch in length would have an area only one-fourth that 
of a square with 2-inch sides, so that four times more light would pass through 
an aperture 2 inches square than through one that is 1 inch square. 
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c. Effect of bellows extension on lens speed.—The lens with which the view 
camera is ordinarily equipped has a speed of f-6.8 and a focal length of 12 
inches. The bellows of the view camera may be extended to almost 30 inches 
in length. If the bellows were thus extended and the lens diaphragm set at 
f-G.8 the speed should not be regarded as f-6.8 in calculating the exposure. 
The lens should be rated as having a speed of f-6.8 only when it is used at 
infinity focus, in which case the center of the lens would be 12 inches from the 
film. This is true of all lenses. Their listed or inscribed speed of f-4, f—5, or 
f-6.8 is practicable only when the lens is used at infinity focus at one focal 
length distance from the film. When the bellows are extended more than this 

- distance the speed of the lens which should be considered in exposure calcula- 
tion is less. This actual speed may be found readily by dividing the diameter of 
the lens aperture used by the distance from the center of the lens to the film. 
Thus, if by measurement the diameter of the lens aperture is found to be 2 
inches and the distance of the center of the lens from the film is 18 inches the 
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FiGurRE 27.—Variation ir areas of circles and squares 


actual speed is 7-9 even though the diaphragm marking indicated by the pointer 
is f-4, f-5, or f-6.8. 

d. The inverse square law.—As explained in o above the actual speed of a 
lens is diminished in proportion to the extension of the camera bellows beyond 
one focal length—that is, the distance between the lens center and the film 
when the lens is at infinity focus. The reason underlying this is that light 
weakens according to the distance it travels. Close to the light source the 
rays are strong, but as they travel outward from the source they spread out, 
and while they may illumine a larger area their strength is scattered and their 
intensity in a given part of that area would be less than if they were falling 
upon this part when it is nearer the light source. A familiar example will 
make this fact obvious. Suppose all the light in the room enters through a 
small window. If the hand is held near the window the light falling upon it 
is much stronger than that falling upon the hand when held up in the opposite 
end of the room. The extent to which light weakens with travel is expressed 
in the inverse square law as follows: The amount of light received on a sur- 
face of given area from a given source of light is inversely proportional to the 
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square of the distance from the source to the surface. A clear conception of 
this law assists in understanding the effect of bellows extension on lens speed 
when taking a photograph and also in knowing how much to increase or to 
decrease the exposure when changing the bellows length on a horizontal or 
vertical type of enlarger or projection printer, or when moving such an appara- 
tus nearer to or farther away from the easel holding the bromide paper. The 
application of the inverse square law in the taking of a photograph will be 
explained, and it is believed that if this is understood the reader will be able 
to apply the law in the making of enlargements or reductions by the use of 
any type of enlarger. When taking a photograph the light that enters the 
camera comes through the lens. The lens diaphragm, being of the iris type like 
the human eye, may be opened or closed at will, and thus a larger or smaller 
quantity of light may be allowed to pass through the lens. Suppose, however, 
the lens diaphragm is set at the largest opening and it is desired to obtain a 
clear conception of the various strengths of the light striking the film, when 
by use of the bellows it is placed at different distances behind the lens. This 
may be obtained from a study of Figure 28, In the figure the lines diverging 






Sg 


a TT] /\ 





tl hMnd, 


* 







FicgurE 28.—The inverse square law 


from thé lens represent the extreme rays falling on the film when it is placed 
at point A, which is a certain distance from the lens. Now, place the film at 
point B, which is twice the distance from the lens, and it will be noted that 
at this point the light is so spread out that it covers a surface four times the 
size of the film, but the volume of the light on the film at this point is only one- 
fourth of what it was at point A. At point C—three times the distance—the 
strength of the illumination is one-ninth, and at point D—four times the dis- 
tance—it is only one-sixteenth. It is apparent from this that the strength of the 
light varies inversely as the square of the distance from the light source (in this 
ease at the lens). That is to say, photographic exposures will vary not inversely 
but directly as the square of the distance from the light source. In other 
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words, light decreases as the square of the distance. The “square of the dis 


tance” is simply the distance multiplied by itself and is written for short, 
distance’—for example, 2”, 37. 47, equals 4, 9, and 16, respectively. It means 
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FIGURE 29.—Depth of field, lens set at infinity focus. Focal length of lens, 12 
inches; aperture, f-4.5. Numbers on targets indicate distance in feet from lens. 





FIGURE 30.—Depth of field, lens focused on near objects. Focal length of lens, 12 
inches; aperture, f-4.5. Lens focused on first target; numbers on targets indi- 
cate distance in feet from lens. 


that if the strength of the light at 12 inches, for instance, from the lens is such 
that it requires 6 seconds for the light to record the photographic image on the 
film, the time necessary if the film were placed at 24 inches from the lens would 
be 6X 24°+12’=24 seconds. 
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75. Depth of field and depth of focus.—a. The depth of field of a lens is the 
distance from near to far over which a lens will render sharp definition. 
(Fig. 29.) Depth of fleld decreases either as the size of the aperture or as the 
focal length increases. Photographs in which the object is near have not as 





Ficure 31.—Effect of aperture on depth of focus 
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FIGURB 32.—Depth of field increased by use of small aperture. Focal length of 
lens, 12 inches; aperture, f-22. Lens focused on first target; numbers on 
targets indicate distance in feet from lens. Compare with Figure 30. To 
obtain full definition under these conditions would require stop f—45. 

much depth as those showing the object at a distance. (Figs. 30 and 33.) All 

lenses having the same speed and focal length have the same depth of field. 

Depth then is governed by— 

(1) Lens aperture, or diaphragm opening. (Figs. 31 and 33.) 
(2) Focal length. (Figs. 29 and 33.) 
(3) Distance of object from lens. 
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b. Variation of these factors gives the following results: 

(1) With a given focus and object distance, the smaller the stop the greater 
the depth. 

(2) At a given object distance and diaphragm opening, the shorter the focal 
length the greater the depth. 

(3) With a given focal length and the stop, the greater the object distance 
up to infinity the greater the depth. a 

co. Depth of focus.——The depth of focus is the allowable movement of the 
ground glass to maintain sharp focus. 

d. Calculation of depth of field—When a lens is focused on an object within 
infinity distance it is often desirable to know the depth of field, which is the 
distance between the sharp plane that is nearest the lens and the sharp plane 
that is farthest from the lens. To find this, the distances from the lens to 
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FicgurE 33.—Depth of field increased by small focal length lens. Focal length 
of lens, 4 inches; aperture, f-4.5. Numbers on targets indicate distance in feet 
from lens. Compare with Figure 29. 


the nearest and to the farthest sharp planes are found in turn, and the dif- 
ference is the distance between those planes. The following formulas are 
used, in which H represents the hyperfocal distance and D the distance, in feet, 
from the Iens to the object in sharpest focus: 


Distance from the lens to nearest sharp pliune equals approximately ap 

Distance from lens to farthest sharp plane equals approximately rae 

The application of these formulas in a concrete case will make the method 
of calculation readily understandable. 

Erample.—lIf a 20-inch lens is sharply focused at f-5 on an object 100 feet 
away, how far will good focus extend in front of and behind the object? 

It is first necessary to find the hyperfocal distance according to the for- 
mula explained in paragraph 76. This formula is— 

H=focal length squared times diameter of circle of least confusion divided 
by diaphragm opening times 12 to obtain the answer in feet, which in this case 
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20 X 20 X 200 
— 5x12. =1,333 feet 
DH —100X1,333 _ 
H+D*~1,333+100 °»07 feet 
DH — 100X1,333 _ 
H—D D~1,333—100 333— 100 =108.11 feet 

The depth of definition extends 6.96 feet in front of the object and 8.11 feet 
in rear of the object. 

76. Hyperfocal distance.—a. Dejfinition.—Assuming an object at infinite dis- 
tance from the lens to be sharply focused, and that the object is then brought 
nearer to the lens, the distance at which the image visibly loses its sharpness 
is the hyperfocal distance. In other words, this means the distance from the 
lens beyond which all objects will be in fairly sharp focus and which will 
give the maximum depth of definition. This distance varies according to the 
focal length of the lens and the aperture used. It increases as the focal length 
of the lens increases and becomes smaller as the lens is stopped down. ‘“ Hyper- 
focal distance” is a term which often appears in connection with discussion of 
‘depth of focus” or “ depth of field.” 


equals 
Distance of nearest plane is 


Distance of farthest plane is 
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Ficurn 34.—Angle of view 


bv. Calculation of hyperfocal distance——Assuming that the diameter of the 
circle of confusion of a lens is one two-hundredths inch, as is true in the case 
of lenses used in military aerial photography, the hyperfocal distance may be 
found for any lens and aperture by following the simple formula: Multiply the 
focal length of the lens by itself, then by 200, and divide the result by the 
aperture (f number) times 12 to bring it to feet. 
- Example—tThe hyperfocal distance of a 12-inch lens at f-4.5 is calculated by 
this formula as follows: 
1212 X 200 
45X12 =53314 feet 
77. Angle of view.—The angle of view, as far as the size of the photograph 
is concerned, is the angle included between the lines drawn from the opposite 
eorners of the film to the lens. (Fig. 34.) The angle of field, or angular 
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field, of a lens is the angle included between lines drawn from opposite ends 
of the diameter of the circular region of sharp definition of a lens through 
the center of the lens. Figure 33 will make this clear. 

78. Covering power.—Covering power is the ability of a lens to form an 
evenly defined and illuminated image over the entire area of the film. The 
term is synonymous with “angular field.” (See par. 77.) A wide-angle lens 
is one that has been ground according to a specially computed formula. It is 
thus designed to cover a large angle—that is, a large circle of sharp definition. 

79. Definition given by a lens.—Definition in a negative is that clear, sharp, 
sparkling detail obtained by the use of a lens of correct formula which has been 
made of the best materials by expert workmen. With a poor lens the 
definition may be improved by stopping down or using a small diaphragm 
opening. 

80. Flare in the lens.—The flare spot or “ ghost” is the effect produced by 
the reflection of rays of light from the lens surfaces forming secondary images 
and rendering a fogged appearance to the negative. 

81. Axis of the lens.—The axis of a single spherical surface is that line 
which joins the center of the sphere to the middle point of the surface and the 
axis of a Icns is the line joining the centers of the bounding spherical surfaces. 

82. Conjugate foci.—lIor every distance between object and lens on the one 
hand there is a corresponding distance between the lens and the image on the 
other hand. These two distances—the image distance and the object distance— 
are interdependent. As one increases the other decreases. They are known 
as conjugate foci, or conjugate focal lengths. These relative distances between 
the negative and the lens, and lens and image, for enlarging and reducing— 
that is, copying in the camera or making lantern slides—can be found by 
following the simple rule: Divide the longer side of the enlargement desired 
by the longer side of the negative, and the result will be the “times” of en- 
largement. It should be noted that this is linear and not area enlargement. 
Then multiply the focus of the lens by the times of enlargement plus 1, and the 
result will be the distance between lens and sensitive surface. This distance 
divided by the times of enlargement will give the distance between the lens and 
negative. | 

Example: To find the distances for enlarging a 4 by 5 negative to 16 by 20, 
the times of enlargement equals 20+5=4. Using a 6%-inch focus lens, 
614 X (4+1) =32% and 324%+4=81% inches. The greater distance is called the 
major conjugate focus and the lesser the minor conjugate. In reducing or 
copying, these distances are reversed—that is, the major conjugate or greater 
distance is between the subject and the lens and the minor between the lens 
and the sensitive surface. 

83. Back focus.—The back focus of a lens is a term sometimes found in the 
catalogue of lens manufacturers. The back focus is the distance from the rear 
surface of the lens to the image on the focusing screen when the lens is 
focused on a distant object. It indicates the minimum extension of camera 
or bellows required by the lens in use and is given in catalogues to enable the 
reader to determine whether the lens listed can be fitted to a camera of certain 
bellows extension. 

84. How to find the focal length.—Often the focal length of a lens will not 
be marked upon it and it may be necessary to know approximately its focal 
length. A simple way to do this is to let the rays of light of the sun pass 
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through it and fall on a sheet of paper so that they are brought to the smallest 
possible point of light, after the fashion of using a burning glass. Now, 
measure the distance from the spot of light to the diaphragm of the lens, and 
this distance is approximately the focal length. For a method of accurately 
finding the focal length a standard textbook on photographic optics should be 
consulted. 

85. Focusing by parallax.—Parallax is the term used to denote the relative 
movement which takes place between two objects at different distances from 
the eyes, as the eye is moved from one position to another. Perhaps the best 
example of parallax in everyday life is the parallax between the hands and 
the dial of a watch or clock. In order that the hands may revolve freely, there 
must be some distance between them and the dial, and it is well known that the 
hands appear to show a different time of day depending upon the angle at 
which they are viewed. A film is in focus for a certain object when the emul- 
sion side of it lies in the same plane as the image of the object formed by the 
camera lens. This plane is commonly known as the focal plane. In case the 
plane of the film does not coincide with the focal plane, the effect of parallax 
may be obtained. This means that if it were possible to view at the same 
time the image of a given point of the object and a certain definite point on 
the film there would be an apparent motion between them as the position of 
the observer is changed. In order, however, to observe this motion, it is neces- 
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Figure 35.—Focusing by parallax 


sary to use a transparent piece of glass instead of a ground glass or plate. It 
should be ruled either with a number of parallel lines or with crosslines so that 
the relative motion can be readily detected. In Figure 35 the object is located 
at X and the image of the object at Y at the correct focal distance from the 
lens. It is assumed that the object is so small that it is sensibly a point. Now 
the point on the glass plate, which is marked by the intersection of the cross- 
lines, may be located at F1, F2, or F3. In the first case, it is too close to the 
lens to be in focus, in the second it is in accurate focus, and in the last it 
is too far from the lens to be in focus. Consider the case where the point 
is at Fl. As the eye is moved from the position of A to the position of B, 
the image appears to move in the opposite direction. That is, if the eye is 
moved from right to left, the image appears to move from left to right with 
respect to the reference markings on the glass plate. If the plate were at 
¥3 there would be similar motion, but in the opposite direction. If the glass 
plate were so placed that the reference markings on it were at F2, coinciding 
with Y, there would be no relative motion between it and the image. Obvi- 
ously the position at F2 is the desired condition for accurate focus. It is more 
convenient if the focusing glass which is used has a portion of it ground, as it 
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then is possible to focus approximately on the ground portion before focusing 
by parallax. In order that a very small amount of motion may be detected, 
a “focusing magnifier” is used. This is a small magnifying glass, free from 
such defects as distortion and the aberrations found in a cheap lens, as one 
of these will often cause an apparent motion when no motion exists. A small 
linen tester cemented to the glass will serve the purpose. It may be necessary 
to use a focusing cloth or a cardboard to screen off the other light. The essen- 
tials of the method are as follows: | 

a. Bring the subject roughly into focus on the ground part of the glass. 

b. Select some small and convenient piece of detail of the object that is in 
the clear part of the glass and that shows near one of the lines marked on the 
glass. 

c. Note whether this selected part of the visible image appears to move or 
to remain stationary, relative to the marks on the glass when the eye is moved 
through a short lateral distance. 

d. Remember that if the image moves with the eye the glass is behind the 
focus (in position F3). If the image moves in the reverse direction the glass 
is in front of the focus (in position F1). If there is no visible movement of 
the image with respect to the marks on the glass, the focus is as exact as 
possible. Focusing by parallax is by far the most accurate method, and it 
has the distinct advantage that it is not necessary to judge the quality of a 
poorly lighted image as in the usual ground-glass method. 

86. General types of photographic lenses.—a. Enumeration.—Of the general 
types of photographic lenses the positive meniscus, the achromatic meniscus, 
the rapid rectilinear, and the anastigmat lenses have been considered in the 
preceding paragraphs of this section. In fact, the arrangement of the section 
is designed to show the evolution of the anastigmat lens, beginning with thie 
simple lens and going through the meniscus, achromatic, and rapid rectilinear. 
In addition to these types of photographic lenses there will be found in photo- 
graphic literature reference to portrait lenses, pictorial lenses, telephoto lenses, 
condensing lenses, supplementary lenses, projection lenses, air-space lenses, and 
quartz lenses. There should be an understanding of these terms, 

b. Portrait lenses.—A portrait lens is usually of the Petzval type of construc- 
tion and gives a fairly sharp image in the center, which falls off at the margins. 
It is desirable that such lens also produce roundness or relief in the image. Al- 
though anastigmats are now largely used in portraiture, this old type of portrait 
lens mentioned will occasionally be found in studios. 

c. Pictorial lenses.—Pictorial lenses are usually diffuse or soft focus types, 
giving images generally soft in definition, due to lack of complete correction 
for either chromatic or spherical aberration. The softness in definition, instead 
of the wiry, needlelike definition given by the anastigmat, is obtained in some 
types by the presence of chromatic aberration and in other types by spherical 
aberration. 

d. Telephoto lenses.—Telephoto lenses are either negative-lens attachments 
for use with ordinary positive lenses, or complete lens systems designed to give 
large images with relatively short bellows extensions, the size of the image 
varying according to the separation of the lens. A fixed telephoto lens is one 
of nonvariable separation, giving only one magnification. This lens is focused 
in the ordinary way and is designed for use with a camera of short bellows 
capacity. 


56 


TM 2170-5 
BASIC PHOTOGRAPHY 86-87 — 


e. Condensing lenses.—Condensing lenses or condensers are used in enlargers 
and projectors for the purpose of evenly distributing the rays of l'ght source 
through the negative or lantern slide or motion-picture film. Little attempt 
is made to correct them for the various aberrations, since they are not used 
to form an image. 

f. Supplementary lenses.——Supplementary lenses are used to modify the focus 
of existing lenses to which they are attached. 

g. Projection lenses.—Projection lenses are types used in lantern-slide and 
motion-picture projection. 

h. Air-space lenses.—Air-space lenses are types in which the elements are not 
cemented, but separated by air spaces which of themselves serve as lens 
elements in the complete system. This type of construction does not necessarily 
mean that the lens is unsymmetrical. 

i. Quartz lenses—A quartz lens is one made of quartz instead of optical 
glass, in order to gain speed by the transparency of quartz for all the ultra- 
violet rays, some of which can not pass through glass. 

87. Selection of a lens.—a. Special purposes.—There are no perfect universal 
photographic lenses, although there are approximations thereto in the form of 
ienses that give good results for a wide variety of uses. For the very best 
results possible, a lens especially designed for the purpose should be used. 
The various purposes for which lenses are expressly made include, in addition to 
portraiture, pictorial, and telephotography— 

(1) Aerial photography. 

(2) Architecture, engineering, and construction work. 

(3) Commercial work. 

(4) Copying. 

(5) Enlarging. 

b. Aerial photography.—The requirements of aerial photographic work de- 
mand a lens possessing at once great speed and the greatest optical correction, 
even when they are of comparatively long focal length. At present the focal 
lengths of lenses on aerial cameras are 614, 714, 12, and 20 inches with the 
speeds of f-4.5 and f—5). In the taking of aerial photographs for use in map 
making, the very best optical correction is necessary. The following are makes 
of lenses that have been used in aerial photographie work: Zeiss Tessar, 
Series I-c and II-b; Geerz Dogmar; Cooke Aviar; and Voightlander Heliar. 

ec, Architecture, engineering, and construction work.—lIn architecture, engineer- 
ing, and construction, Scale, perspective effects, accurate drawing detail, and 
definition are prime essentials. In the choice of a lens consideration must be 
given focal length, which controls the scale of the image and perspective 
effects; freedom from distortion is necessary for correct drawing and angular 
field. Because of the general difficulty of securing the ideal viewpoint, focal 
length is often a vital factor. The common fault of such photographs is forced 
pr violent perspective, due to the use of lenses of too short focal length, 
though this is often necessitated by the restricted working space available. 
With a view camera offering sufficient bellows capacity and in addition the con- 
venience of a tripod, a set of convertible lenses offers flexibility in focal lengths. 
Anastigmat equipments are almost indispensable. Typical makes of lenses for 
this branch of photographie work are: Zeiss Protar VII—-a; Turner-Reich, Series 
II; Velostigmat, Series II; and Ross Combinable. 

d. Commercial work.—The requirements for commercial work are similar but 
less exacting than those for architecture, engineering, and construction work; 
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and therefore, in addition to the makes of lenses mentioned in connection with 
work of the latter class, the following makes of lenses are popular: Goerz, 
Dagor; Voightlander Collinear, Series II and III; Zeiss Tessar II-b; Cooke, 
Series V; Turner-Reich, Series II and III; and a number of others. 

e. Copying.—In photographic copying the focal length of the lens used should 
not be too short nor the lens worked to extreme covering power. Stopping 
down does not cure astigmatism found in the rapid rectilinear, which is some- 
times used in copying. The moderate-speed types are used. ‘Too short a focus 
makes it difficult to overcome reflections on glossy prints and paintings. With 
large originals a long-focus lens allows good working distance and does not 
force side lightings, which emphasize surface texture. An anastigmat lens 
designed especially for process work is excellent in photographic copying, when 
there are fine lines to reproduce. These are usually of a speed of f—8 or f-9. 
Examples of typical makes are Zeiss Apochromatic Tessar, Goerz Gotar, and 
Dallmeyer Process. 

f. Enlarging.—In enlarging lens selection depends upon size of negative and 
available working distance. Enlargement size is governed by distance between 
lens, negative, and paper. The problem is to transfer a flat negative image 
to a flat easel. Flat field anastigmats have advantages, because it is possible 
to work with shorter focal lengths and thus reduce the image distance. Mod- 
erate-speed types are the best, and any good make of anastigmat lens, suitable 
for hand cameras or for commercial work, having a speed of from /-6.3 to f-9, 
is satisfactory in enlarging. 

88. Care of lenses.—a. All lenses acquire, sooner or later, finger marks, 
grease spots, and particles of dust on the front and rear glass surfaces, Also, 
nearly all lenses take on in the course of time a grayish coating over all the 
inside elements as well as on the outside elements. This coating is probably 
due to evaporation from the lacquer and may be made more noticeable by the 
presence of oil vapor (from the oil used on the diaphragm leaves). The proper 
method of taking lenses apart and cleaning the surfaces should be learned. In 
cleaning it is very essential that no solvent, such as alcohol, be used, as this 
is liable to dissolve the varnish on the lens mounting, with the result of smear- 
ing the varnish over the lens surface. Never use acid of any kind for cleaning. 
Usually it is sufficient to breathe on a lens and then wipe it carefully with an 
old, well-washed, linen handkerchief. The lens should first be dusted with 
a handkerchief or camel’s-hair brush to insure that there are no particles of 
dust or grit on the lens surface, as such particles would cause scratches during 
the cleaning operation. It is quite easy to overdo the cleaning and even to 
damage the lens by too much rubbing and polishing. One of the signs of a good 
lens is that the surface of the glass looks black when held against a dark 
object. If it looks gray instead of black after being breathed upon and wiped, 
as explained, it is a sign that the fine polish originally given the lens has been 
worn off by too much wiping and cleaning and that the lens surface is covered 
with a multitude of fine scratches. This tends to prevent the production of the 
normal amount of brilliancy in the photographs made with it, and such a sur- 
face will give an effect very much like that produced by a dusty lens. The 
only remedy is to have the lens repolished by the manufacturer. If a spot 
on a lens is found which will not loosen up with moisture from the breath and 
careful wiping, it is possible that it is a corrosion mark which can only be re- 
moved by repolishing. Air bells or bubbles in the glass need cause no uneasiness, 


58 


TM 2170-5 
BASIC PHOTOGRAPHY 88-89 


They are unavoidable in the manufacture of some kinds of optical glass, but 
they do not interfere in any way with the definition obtainable or the good per- 
formance of the lens. 

b. Lenses, if kept in a reasonably dry place, will suffer almost no deteriora- 
tion. It is advisable that they be not placed where it is too warm, such as 
near steam radiators or other powerful sources of heat. It is advisable that 
the smaller lenses be stored wrapped in tissue paper and inclosed in the usual 
pasteboard box which is regularly supplied by the manufacturer. There is a 
tendency in the stock rooms to throw the outer containers away and place 
the lenses on a shelf or in closets without protection. The original wrapping 
furnished by the manufacturer should accompany the lens until the lens is 
actually mounted in the camera in which it is to be used. In the case of 
larger lenses it is desirable that the lens cap for the front cell, which is 
invariably supplied by the manufacturer, should be supplemented by another 
cap which covers the rear cell. This affords more complete protection, and 
the cost of the lens cap is a comparatively small item. It is advisable when 
storing lenses that they be kept where it is dry and reasonably cool, but the 
atmosphere should be free from acid and other fumes or gases. Lenses are 
not susceptible to season changes in temperatures as found in the various sections 
of the United States. So far there is no indication that the change in temperature 
from ground temperature in summer to the low temperatures encountered at 
30,000 feet produce any injurious results on such lenses as have been taken up in 
the air. The usual deterioration that takes place due to age is possibiy a gradual 
darkening of the Canada balsam with which many types of lenses are cemented. 
In the uncemented lenses there is, of course, no such change. This action 
results in the yellowing of the balsam and has the same effect as a ray filter 
on a lens, resulting in a slowing down of its speed. This may be rectified 
at any time if necessary by uncementing the lens elements and cleaning them 
and recementing them with fresh balsam. This is a factory operation. More 
recently lens manufacturers have produced a better quality of balsam and 
have paid more attention to the bleaching of it, and it is not likely that 
storage will cause deterioration to such an extent that it will be necessary to 
rebalsam oftener than once in 10 years, or even longer. The only other 
deterioration that takes place on account of age is the accumulation of a 
grayish coating on all of the surfaces, inner and outer, of the lenses. Certain 
glasses making up a lens are more susceptible to this deposit than others. 
This coating is very easily removed by the simple process of polishing with 
a soft linen handkerchief or with lens paper. A solution of alcohol and 
water may rarely be used for cleaning the lens surface. It is important that 
the proportion of alcohol be not great, as the varnish of the lens coating may 
be attacked. The spectrophotometer may be used to determine what portion 
of the spectrum is absorbed by the glass and cement of a lens. Figures ob- 
tained from the inspection of new lens may be compared with figures of 
lenses that have been in storage for some time, and from these the lenses may 
be restored to their former condition by overhauling when necessary. 

89. Training course.—The information that this section contains regarding 
photographic optics can be best absorbed by very careful study of the text 
in connection with the illustrations. The practical application of the knowledge 
gained from this section concerning lenses will be prescribed in other sections 
of this manual re'ating to the various phases of the photographic work. 
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SECTION V 


VIEW-CAMERA WORK 
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90. What view-camera work includes.—View-camera work embraces the 
photographing of interiors and exteriors of buildings, hangars, houses and 
offices, men at work, equipment, machinery, and the like. The source of light 
under which such photography is done is usually daylight, which occasionally 
should be supplemented by flash light or electric light. Artificial illumina- 
tion should be used instead of daylight when photography under the latter 
kind of light would require extremely long exposures. 

91. Outdoor photography.—Outdoor photography, as the term suggests, em- 
braces any kind of photography out of doors in contradistinction to indoor or 
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interior work. The source of light is daylight, which is usually in sufficient 
abundance and does not need supplementing by artificial light. The objects 
include usually the exterior of buildings, personnel, equipment and general 
views for administrative purposes, general interest, and the like. 

92. Preparations for outdoor photographic work.—a. Cleaning apparatus.— 
In whatever kind of photographic work that is about to be performed it should 
be the invariable practice to make a sufficiently thorough inspection of the 
camera and other apparatus and do such cleaning as may be necessary. In 
the case of the camera the surfaces of the lens should be noted and dust or 
finger marks, which will often be found on the glass, should be removed by 
rubbing gently with a soft cloth in a circular movement. Breathing on the 
lens, followed by gentle rubbing, will usually remove the little smears found 
upon the glass surfaces. The working condition of the shutter should then be 
tested and the interior of the camera examined for any unusual amount of dust. 
The other common working parts of the apparatus should be tried. In short 
the purpose of this inspection and test is to discover in advance any obvious 
difficulty that may make the resultant photograph a partial or complete failure. 

b. Choosing film or plate—(1) For outdoor photography the choice of 
film or plate should fall upon one of the following: 

(a) A fast emulsion. 
(b) A color-sensitive emulsion. 
(c) A nonhalation plate. 

(2) The emulsion of a fast plate or film may be without special sensitiveness 
to colors, as when there is need for great speed the color correctness of 
results may be of secondary importance. Examples of fast emulsions are 
the Eastman’s Speedway plates and Eastman’s superspeed portrait film. Under 
poor light conditions, and when there is some movement in the subject that may 
cause a blurred picture, a fast emulsion should be selected. 

(3) The color sensitiveness of plates and films is explained fully in Sec- 
tion XIV, which relates to the use of photographic filters, and reference is 
therefore made to that section for detailed information. It suffices for the 
present to note that the colors in the object which is to be photographed 
may be such as to necessitate the use of a filter with a color-sensitive plate 
or film in order to obtain the best results. 

(4) Halation occurs most frequently when plates are used. Film may be. 
considered as nonhalation. Halation occurs when strong rays of light com- 
pletely penetrate the emulsion of the plate, pass through the glass support, 
and are reflected back through the glass and through the emulsion at a 
different angle. The result is a secondary outline of the image of considerable 
strength, which gives the appearance of a band of light around the object, 
called a halo. An interior view including the direct rays from an open 
window will usually exhibit halation around the window. Again, the reflec- 
tion of strong sunlight from a glass or highly polished surface in an object 
outdoors will produce halation. Its elimination is sought to be accomplished 
in the manufacture of the nonhalation plate by coating the plate with two 
emulsions: First, with one of very slow speed and then, on top of the first, 
one that is fairly rapid. The theory is that when the strong light ray has 
penetrated the upper coating it will not penetrate the under one lying next to 
the glass because of its lesser sensitiveness. As film is without glass support, 
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a strong light ray that penetrates the emulsion of film, as well as its support, 
can not be reflected back at a different angle, as in the case of the glass plate. 
c. Loading film or plate holders.—The manner of loading plate and film 
holders as described in paragraph 32 is primarily for the purpose of explaining 
the construction of the holder. Preparatory to the use of the view camera it 
will be necessary to load the plate or film holders, as it is not good practice 
to keep plates or films in the holders for a longer period of time than is abso- 
lutely necessary, as they keep better in the boxes in whicn they are supplied. 
In loading the holders, before beginning a photographic job, it is usually neces- 
sary to load several, and therefore a good loading system shou!d be devised and 
always used in order to save time and perhaps avoid mistakes that would 
otherwise arise from lack of recent practice. The loading operations should 
begin by transferring to the loading room the plates or film to be used, along 
with the holders. Under white light the holders should be inspected and 
handled as follows: Taking a holder, withdraw the slide, examine it, and lay 
ic in a clean place on the shelf with the black-painted edge down. Withdraw 
the second slide, examine it, dust it with camel’s-hair brush, and place it on 
top of the first slide, with black-painted edge next to the first slide. Examine 
the holder, dust out the interior with brush, and lay it on top of the two slides. 
Perform these operations with respect to all holders about to be used, and the 
result will be a pile or piles of open holders, ready for the insertion of the 
plates or film, with their protective slides lying underneath in a known way. 
Note the location of each pile, place the dusting brush conveniently, exclude 
daylight from the room, and under the proper safe light unseal the box of film 
or plates by drawing a knife blade around the edges, thus cutting the paper 
seal. Open the box of plates or film. While loading keep the box out of the 
rays of the safe light as much as possible and use the light only when necessary 
and then not longer than absolutely necessary. Remove a plate from the box. 
The first plate will be found with coated side down; so also will the third, fifth, 
and all odd-numbered plates be in this position. The second plate, as well as 
all even-numbered plates, will be observed to be face up. Remember this 
manner of packing, because from it the coated side of a plate can be deter- 
mined in absolute darkness, which is necessary when panchromatic—that is, 
sensitive to all colors—plates are used. Handling the plate by the edges, tap 
it slightly on the shelf to dislodge any particles that may be on its surface, 
and gently brush its entire surface once with the camel’s-hair duster. Do not 
brush hard or rapidly or frequently, as such a practice will electrify the plate 
and cause the dust particles to adhere to its surface. With the left hand grasp 
the body of one of the holders, insert the plate, coated side up, as far under 
the rabbet in the solid end as it will go, fold over the opposite end, and insert 
slide, remembering that the edge painted black has previously been placed 
toward the shelf and that this edge should be next to the hooks when the slide 
is in the holder. Turn the slide hooks so as to lock the slide in place. Reverse 
the holder and proceed to load the opposite side in the same manner. If film 
is used, it should not be dusted or tapped, as it was packed in dust-proof 
rooms at the factory and there has been no opportunity for dust or any for- 
eign matter to reach its surface while in its container. A sheet of film is 
inserted under the metal strips in the sides of the holder and pushed in as far 
as it will go toward the closed end of the holder, pressing the film down so 
it will go under the rabbet in the end. From that point proceed as in the case 
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of loading a plate holder. If the loading operations must be performed in abso- 
lute darkness, the secret of success lies in memorizing the position of the 
needed articles on the shelf and in taking sufficient time to be absolutely sure 
that each operation is correctly performed. Loading in darkness seems more 
difficult than it actually is, and after a little experience it will not seem unnat- 
ural to work without light. Identification of the coated side of the plate or 
film is absolutely necessary. In the case of plates it can be told from 
memorizing the order of packing in the box as explained above. In case of 
doubt, a certain test is to moisten the upper and lower teeth with the tongue 
and bite the extreme edge of the plate, the coated side will adhere to the 
upper or to the lower teeth and thus reveal its position. If loading film a 
notch will be found cut in the edge to assist in the identification of the coated 
side. This notch is along one of the short sides. When it has been located, this 
side is held in the right hand, and if the notch is near the lower edge the 
coated side is toward the operator. 

93. Setting up the camera.—Having loaded the film or plate holders, the 
carrying case is now properly packed with the camera and lens to be used, 
the loaded holders, the rear extensions, the sliding tripod block, the loaded 
holders, and such accessories as a wide-angle lens or filters. The tripod, 
after it has been inspected as to working condition, is placed in the upper 
compartment of the carrying case. Upon arrival at the place for the making 
of the first photograph, set up the tripod in the manner explained in paragraph 
34. Spread the legs of the tripod sufficiently apart so that it will stand rigidly 
and ascertain whether all set screws in the legs have been sufficiently tightened 
by pressing down on the tripod head. The legs of the tripod should be 
so placed on the ground that the top is level and sufficiently extended so 
that there is no danger of its falling over. Remove the camera from the case 
by its handle, attach it to the tripod, and open it, as explained in paragraph 35. 

94. Handling the camera.—Never leave a view camera standing on the 
tripod, as it is likely to be knocked over by some one or blown down by the 
wind. Never try to carry the camera from place to place while it is attached 
to the tripod, as the weight of the camera springs the clips that run in the 
grooves of the camera extensions, and as a consequence the focusing screen 
Will be thrown off the perpendicular. The construction of the view camera is 
such that it must be handled at all times with the greatest care, otherwise 
it soon becomes useless. Set the camera as level as possible; look at the 
focusing screen to see that the vertical and horizontal lines of all objects are 
parallel with the sides of the screen. If they are not, relevel the camera until 
they are, using the vertical tilt or the horizontal swing adjustments if necessary. 
(See par. 85 ¢ and j.) The rising and falling front should be used, if required 
to increase or diminish the amount of foreground. This is accomplished accord- 
ing to instructions in paragraph 35 g. When the proper height of the lens is 
obtained by means of this adjustment, lock the front in this position by means 
of the locking knob on the left side of the camera, opposite the knob controlling 
the rising and falling front. 

95. Focusing the camera.—The shutter should be set to give a time exposure, 
as explained in paragraph 37 b, and by pressure of finger or cable release the 
shutter opened and the diaphragm set at the largest stop. In examining the 
image on the ground glass as much extraneous light as possible should be 
tliminated by using the focusing cloth in the manner explained in paragraph 
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33. In focusing do not attempt to look through the screen but at the image 
as it lics upon its surface. Decide what object in the subject is to be Shown 
with the best possible definition. While observing the image of this object on 
the ground glass, rock the front or rear of the camera forward and backward 
by means of the respective focusing knobs, so that the lens or the screen will 
pass from poor definition to good definition and then to poor definition. In 
other words, let the exact point of best definition be in the center and turn 
the knob clockwise or counterclockwise until this point of best definition is 
exactly found, then lock the front and back of the camera by means of the 
knobs on the left side opposite the focusing knobs. If the object is very clearly 


defined and the light is good, no difficulty will be experienced in focusing. If 


the light is poor and the object does not stand out clearly, select another object 
in the same focal plane. It may be a sign or letters or easily distinguished 


texture in the object itself. The eyes should be about a foot away from the © 


focusing screen and on a level with the camera lens, and the focusing cloth 
should exclude as much light as possible. After throwing the focusing cloth 
over the head, wait a few seconds until the eyes become accustomed to the 
darkness, and then the image on the focusing screen will be better seen. Re- 
member that the image on this screen is exactly the image that will be recorded 
on the film or plate when taking the photograph. Unless an object is seen cn 
the focusing screen it will not appear in the picture, and exactly as it is seen on 
the screen, so it will be shown in the photograph. 

96. Composition of the picture.—a. General_—The proper arrangement of 
the image on the focusing screen is one of the most important operations neces- 
sary in taking a photograph. Pictorial composition is a comprehensive subject, 
to the study of which artists devote much of their lives. It concerns many 
factors, such as light and shade, balance and design, and otherwise attempts to 
explain the requirements of that almost indefinable quality in a picture called 
artistic. Those interested, and having the disposition to explore this subject, 
will find many books written upon it. An excursion into these higher regions 
of art is beside the purpose of this manual, and yet the application of some of 
the most obvious and rudimentary principles of pictorial composition is neces- 
sary in order to produce satisfactory photographs. The photographer’s task is 
essentially one of selection and arrangement of parts through the choice of such 
a viewpoint and such conditions of lighting as will produce the effect desired. 
He starts with an empty space, the boundaries of which represent the margins 
of the photograph he is about to take. His problem is to take the material 
needed to express the thought he wishes to convey and so place this within the 
space set as to produce an arrangement that will fully and unmistakably convey 
his thought. 

b. The purpose back of any photograph.kEvery photograph should tell 4 
story. In other words, it should have a readily recognizable subject, and it 
should be possible for anyone seeing the photograph to understand why it was 
made and exactly what it illustrates. The purpose of the photographer in 
taking the photograph is the controlling factor, and the real reason for the 
existence of the photograph and all other considerations necessary in its taking 
are subordinate to it. 

c. Selecting the viewpoint——The best viewpoint, or position for the camera, 
when taking the photograph is the one from which the subject: appears exactly 
as desired and best carries out the purpose of the photograph. This assumes 
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ideal conditions. In practice the best view may not be obtainable on account 
of obstacles, such as near-by buildings, trees, water, and the like, which prevent 
the photographer from setting up his camera in the desired position. The 
viewpoint controls the size of the subject, the amount of surroundings included, 
und the effect of the light. For instance, if a person in a field were photo- 
graphed and the camera placed at great distance from him, anyone seeing the 
photograph would be in doubt as to whether the subject of the photograph is 
the person or the field. ‘The first consideration, therefore, in selecting the 
viewpoint is to decide how far the camera should be away from the subject. 
The nearer it is the larger will be the image. It must be near enough so that 
the subject will occupy nearly all the photograph or so dominate the space 
that all other details will be insignificant and subordinate. Having approached 
the subject at a distance thought to be close enough to give the size of image 
desired, study the subject from every angle by walking around it. In deciding 
upon the viewpoint, attention should be closely paid to the light falling upon 
the subject, as this determines the strength and position of the lights and 
shadows. Beginners, as a rule, when making exposures in the sunlight, should 
have the sun behind or over the shoulder. When it is in that position the 
subject is usually lighted in the clearest and most unmistakable manner. Effec- 
tive pictures may frequently be made by having the sun to one side. As an 
illustration, take a tree in bright sunshine. Walk around it and closely observe 
the different effects of light and shade. Notice when facing the tree with the 
sun directly behind that the tree has the appearance of being flat. Move 
gradually to the right or to the left and notice that part of it is in shadow, 
but upon arrival at a right angle with the first position it will be found that 
one side is in the sunlight while the opposite side is in the shadow and that 
it stands out with pleasing contrast of light and shade, thus. giving depth and 
roundness. The shadows should also receive careful study. They should be 
transparent to a degree and always contain detail. Heavy black shadows, 
devoid of detail, are detrimental to the composition. When the sun is very 
bright and the lights are strong, while the shadows are black, the result usually 
Will show too great contrast. In photographing a building the proper view- 
point is a little to the side. Most buildings look best when seen from such an 
angle, and in the case of a detached building the inclusion of one side along 
with the front adds much to the feeling of solidity, which is further enhanced 
When one wall is in shadow. A view made of a building directly in front and 
showing only one side will appear flat and not suggest its solidity. The gain 
derived from practicing the Selection of the proper viewpoint should be the 
ability of photographing a subject exactly as it is seen, and one should readily 
find this viewpoint from having first seen the subject from the point that will 
best carry out the purpose of the photograph. It is excellent practice, after 
the frame of the focusing screen has been fixed in the mind by sufficient use 
of the camera, to apply this mental frame to the various objects observed when 
walking, studying them as if they were to be the subjects of photographs and 
deciding how they should be framed on the focusing screen. 

d. Placing the subject on the focusing screen——The subiect may be placed 
at any point within the frame of the focusing screen. The question that one 
should be able to answer is: Which is the best place? The subject should 
occupy the most important place and so dominate all other details in the pic- 
ture as to make them less interesting and subordinate to the subject. The 
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most important place on the screen is the center, and in technical photographic 
records of an object—for example, a motor—the machine should occupy the 
center of the frame to the exclusion of all details that may be irrelevant and 
distract attention from the subject of the picture. In the case of portraits the 
practice is otherwise, as will be explained in detail later in the paragraphs 
relating to portraiture. It is also different in the taking of photographs of 
general views of buildings and the like. In the case of general views the most 
important position on the focusing screen is a little to the left or to the right of 
the center in a vertical plane, and above or below the center in a horizontal 
plane. The horizon line, which is always conspicuous when it appears, should 
never divide the picture into two equal parts, but should be either about 
one-third from the top or about the same distance from the bottom. When 
there are objects in the near foreground the horizon line should be about 
one-third from the top, while for broad, expansive views it should be at the 
same distance from the bottom. With the latter kind one should have a 
clouded sky. Clouds are a decided advantage, inasmuch aS they break up the 
monotony of a white sky and add greatly to the beauty and attractiveness of 
the picture, 

e. The surroundings of the subject—When walking around the subject for 
the purpose of selecting the most suitable viewpoint, as recommended in c 
above, the photographer should, in addition to the study of the effect of the 
light on the subject, give attention to the immediate surroundings. There 
should not be any object near the subject that, in the photograph, will detract 
from the attention that should be given the subject. Almost always it will be 
found that there are objects of this kind, such as signs, waste paper, old tin 
cans, and similar rubbish, and when these things are in the foreground the 
camera will invariably record them conspicuously and with hideous fidelity. 
They should be removed if possible, or the camera turned so as to avoid them. 
If a human figure is included, his pose should contribute to the telling of the 
story desired to be conveyed by the photograph, For instance, if the subject 
is the operation of a machine, the workman should be portrayed in the act of 
operating it, and the photograph should not be a portrait of a man alongside 
of a machine, which is the result when he is allowed to look at the camera. 
When the operation of the machine is the subject, do not let the man detract 
from the attention that should be given the machine. Study should be made 
of the proper kind of action pictures, which may often be seen at exhibitions of 
motion pictures that demonstrate the manufacture of different commodities. 
Other photographs reproduced in books and magazines should likewise be 
studied for the hints they may give on composition. 

f. The foreground and background.—Unless the photographer is observant he 
will include too much foreground in an average general view. The normal 
height of the camera and the focal length of the lens are such as to begin to 
include the ground at a point too near the camera and thus introduce such a 
great amount of foreground as to make it too prominent. It is therefore nec- 
essary to raise the camera front to eliminate this excess foreground. Careful 
study should also be made of the background, It should always be unobtrusive. 
Before the photograph is taken it should be studied to see that it is as plain 
as possible and does not include prominent objects that will distract attention 
from the subject. In portraiture the background should not be so conspicu- 
ous as to stand out and seem to be joined to the sitter and thus produce 
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a ludicrous effect, such as the corner of a window apparently balanced on the 
nose of the subject. If a quiet background can not be found, the subject should 
be placed as far away as possible from the best available one, and if the 
camera is set up near enough and a large lens stop used the background will 
become unobtrusive because of its being soft and out of focus. 

g. The use of the swing back.—Sometimes the problem will be to photograph 
a tall object, such as a building, and even though the focusing screen is 
reversed so that the long side of the film will be vertical instead of horizontal, 
all the building can not be included, even though the rising front of the 
camera is elevated to the utmost. In such a case a viewpoint at greater 
distance from the building should be selected. It sometimes happens, how- 
ever, that the more distant viewpoint can not be obtained on account of some 
building or other obstruction. In such a case the only recourse left is to 
tilt the camera upward until all the building is included on the focusing screen. 
By this tilting, however, the vertical lines will now converge toward the top, 
due to the fact that the camera back is no longer parallel with the upright 
portions of the subject. To correct the distressing feeling of instability re 
sulting from such distortion, the swing back must be moved until the focus- 
ing screen is again in a vertical position. The image should now appear in 
correct lines, but the definition of the field will be uneven because the focusing 
screen is not parallel with the lens front. As a rule this is best overcome by 
focusing the image sharply across the center of the field, then reducing grad- 
ually the size of the lens stop until both top and bottom portions of the 
subject are well defined on the screen. 

97. Calculating the exposure.—a. General.—The camera having heen placed 
in the proper position for the taking of a photograph and the image composed 
on the focusing screen exactly as it should appear in the picture, the question 
which confronts the operator is: What should be the length of the exposure? 

b. The problem of exposure.—In paragraph 12 the photographing of a build- 
ing was taken for illustration purposes, and attention was directed to the 
different strengths of the light reflected from the various portions of the subject, 
and the power of objects to reflect light was mentioned and the notation made 
of the obvious fact that a white surface reflected a great amount of sunlight 
and, on the contrary, a dark surface reflected little. The white area in the 
building created what is called a high light and the dark area what is known 
as a shadow. Between a high light at one end and a shadow at the other are 
steps or gradations in any view or picture which are called tones. As a 
general rule every photograph represents at least from four to six separate 
tones between pure white in an object and pure black. To illustrate, suppose 
a wooden block painted white is placed in front of a black background and 
the light allowed to fall upon the block so that three tones can be seen, viz, 
pure white and two intermediate grades or half tones. The black background 
will form the shadow, which is a fourth tone. (Fig. 36.) The task is to take 
a photograph which will show these four tones. The eyes accommodate them- 
Selves immediately to the light illuminating the block, and the view does not 
change according to the length of time gazed upon. It appears the same whether 
looked at for a second, several minutes, or indefinitely. With a photographic 
film this is net true. The exposure (or the length of time the light is allowed 
to act) must fall within very narrow limits or the result will be untrue to 
our visual impression. To understand this more fully, consider the action of 
the light on the film. 
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c. Action of light on the fiim—The emulsion or light-sensitive coating of 
a film is composed essentially of innumerable small particles of silver bromide 
embedded in gelatin. Each of these tiny bits of solid matter is instantly changed 
when the light strikes it, and although the change in it is not at once visible, 
it will later appear and the tiny particle will blacken and become a minute 
grain of metallic silver when the film is placed in the developer. (Fig. 37.) 





FIGURE 36.—An object showing four tones 


Now, in order to effect such a change in this particle as is necessary in taking 
a photograph, a definite minimum amount of light is needed. Anything less 
does not sufficiently act on the particle, and the result is called an underex- 
posure. If, however, the light acts for just the right amount of time, the 
number of particles affected by the light and afterwards blackened in de- 
velopment is such that the tones form a negative record of the tones of the 
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object, being black or opaque in exact proportion to the degree of whiteness in 
the object and likewise transparent in a proportion corresponding to the degree 
of blackness in the shadows and other parts of the subject. With such a cor- 
rect exposure, which in the case of a good film may extend from one to five 
units of time, the tones are properly rendered and a print from the negative 
looks as the object appears to the eye. Beyond this arbitrary limit of five, 
however, the increase of exposure affects more particles of silver bromide than 
are needed, and these blacken in development and cause the negative to look 
flat. This is overexposure. The shadows have too much detail and print gray 
instead of black; the half tones are as opaque as the high lights and also 
print gray. ‘There is no contrast between the tones. Correct exposure then 
is a variable quantity extending from a minimum, useful amount to one several 
times as great. In other words, the problem is not necessarily to hit the 
bull’s-eye of exactness, but to get within the circular band around it, whose 
width is the latitude of light sensitiveness afforded by the particular brand of 
fim being used. The chief concern of exposure is to secure a record of the 


G/ass Gass 





Unattected by Light 
LMUL SION BA 


ZZ Yj: YZ Z Gy LL EA 
LALLA G77 


FIGURE 37.—Enlarged cross-section view of exposed but undeveloped plate 
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different amounts of light reflected from the object in front of the lens—to give 
a true rendering of the relative gradations of tone as they appear to the eye— 
that is, the relative lightness or darkness of each tone. After a film has 
been exposed there is nothing that can be done to it in the dark room that 
has a great deal of effect upon it, as compared with amount of exposure that 
it has received in the camera. The fate of the negative is sealed when the 
Shutter is closed. Every tone and gradation which can exist in the negative 
are at the moment locked in the film. No change or modification of the developer 
can give more detail nor can any process change those particles of silver bromide 
which, owing to the insufficiency of the exposure, the light has failed to reach. 
The one important question, therefore, in taking every photograph is: How 
much time will be given it? Consider the means of solving this problem in 
so far as photographing outdoors is concerned. 

d. Exposure factors—(1) It is a fact almost too common to mention that 
during some days it is sunshiny outdoors and on other days it is cloudy and 
dark, and that during sunshiny days, especially in the summer, the light in . 
some localities is so strong that many persons find it more comfortable to wear 
dark or colored glasses. The strength of light therefore varies. 

(2) The photographer may be called upon to photograph a white object or, 
again, a black object. In such a case, also, it is plainly seen that the light 
reflected from the white object is much greater than that reflected from the 
black one. Therefore, the kind of subject—that is, light-reflecting qualities—. 
which is to be photographed must enter into calculations regarding exposure. 
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(3) The emulsions of plates or films vary in their sensitiveness to light. 
One brand of plates is of a certain sensitiveness; another brand may be many 
times more or less sensitive. The light sensitiveness or speed of a plate or 
film must also enter into our exposure calculations. 

(4) From a study of photographic optics as presented in Section IV it has 
been learned that when the diaphragm of the lens remains open a great quan- 
tity of light is allowed to reach the film. On the other hand, when the size 
of the diaphragm is diminished the quantity of light reaching the film during 
the same amount of time is reduced. The conclusion from this, therefore, is 
that the size of the lens aperture or diaphragm opening must also be considered 
when deciding upon the amount of exposure. 

(5) To recapitulate, then, the following four factors must be taken into 
account in deciding upon the amount of exposure which should be given when 
taking a photograph : 

(a) Strength of light. 

(0) Kind of subject. 

(c) Speed of film. 

(ad) Size of diaphragm opening. 

e. Strength of light—As stated in d above, the strength of light varies accord- 
ing to weather conditions, and, as is equally well known, it varies also accord- 
ing to the time of the year; in summer it is strong, it declines in the fall, 
becomes weak in winter, and in spring it grows brighter. The light also varies 
in intensity during the hours of the day; in the morning it gradually grows 
strong until it reaches its greatest strength around noon and then diminishes 
until darkness in the evening. Strength of light therefore varies according to— 

(1) Weather conditions, and 

(2) Time of day and month. . 

f. Weather conditions—(1) In the calculation of exposure in photography 
the different conditions of the weather are variously classified, of which the 
following division is typical: | 

(a) Intense sunlight—When the sun is shining and unobscured by clouds 
or mist; when the sky is cloudless or if there be light clouds they 
do not obstruct the sun’s rays. On these days shadows are strong 
and of pronounced blackness. 

(0) Bright sunlight.—On these days, although there may be light clouds 
or slight mist, there are nevertheless sunlight and fairly strong 
shadows. 

(c) Hazy.—There is a general, even light, but not direct sunlight. With 
this light it is just possible to distinguish cast shadows. 

(d) Dull—The sky is covered with dull clouds as distinct from bright 
clouds which are usual when the light is diffused. When it is 
dull there are no shadows. 

(e) Very dull—The whole sky is overcast with heavy, gloomy clouds. 

(2) The relative strength of light under the conditions enumerated is as 


follows: 
Intense: Sun CNt «22.622 es See ee ee ee 1 
Bricht-sunlight..<22. 22.2545 222245- eect st sees 1% 
OZ aoe ree a ee ees 2 
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(3) By reference to the foregoing list it will be found that if the exposure 
required when it is intense sunlight ig one second, the proper exposure when, 
for instance, it is hazy, would be two seconds, assuming the other conditions 
remain the same. This classification of the relative strength of light accord- 
ing to weather conditions should be carefully studied and fixed in mind. 

g. Time of day and month.—From calculations made as to the variation in 
the strength of light during the day and during the different months of the 
year, tables have been prepared. These tables, of course, consider the geo- 
graphical locations in which they are designed for use, as the seasons of the 
year do not fall in the same months all over the world. For instance, when it is 
winter in this country it is summer in some of the South American countries. 
These tables, therefore, are reckoned with regard to geographical latitude. 
The table for latitude 40° N. applies to northern United States. This table, 
which shows the relative strength of the light at a particular hour of the day 
or month of the year, is as follows: 


March |February| January 
June a a ee ane and Sep-| and | and No- ge 
y ugus tember | October | vember 
ee eee ese et 1 1 1 1% 1% 2 2 
1la.m.and 1p. m_._-.__.----- 1 1 1 1% 14 2 2 
10 a. m. and 2 p. m_.__-_-_----- 1 1 1% 1% 2 24 24% 
9a. m. and 3 p. m.__...-_-.-.-- 1% 1% 1% 2 2 3 3 
8 a.m. and 4p. m__.._.-.-.---- 2 2 2 3 3 4 5 
7a. m. and 5 p. m_-..-...-_-.-- 2 2% 4 5 6 6 6 
6 a.m. and 6 p. m_-_..._-.------ 3 4 SN NN AS cs a Sine ie ety ote es ia as 
5a. m. and 7 p. m_...-_-.------ Os Uk oe ao ee eta ee Nt ch he hae be OL es 


This table should be very carefully studied. A fairly accurate general con- 
ception of the variation of the light during the year and during the day should 
be fixed in the mind. 

h. Classification of outdoor subjects—(1) Subjects ordinarily met with in 
outdoor photography may be roughly grouped, according to the strength of light 
reflected by them, as follows: 

(a) Clouds. 

(bv) Snow scenes; sea and distant views. 

(c) Semidistant views; light objects. 

(d) Average; near views; buildings. 

(e) Portraits outdoors; dark objects. 

(2) Some idea of the limitations of each group will be given. 

(a) Clouds.—This group requires the least exposure on account of the 
intense brightness of the sky. Overexposure must be guarded 
against. At the same time if there is color in the sky as is usual 
at sunrise or at sunset, more exposure must be given unless a color- 
sensitive film is used. Also the exposure indicated should be 
doubled if very dark storm clouds are being photographed. 

(b) Snow scenes; sea and distant views—This group includes unob- 
structed snow scenes without dark objects or any subjects within 
infinity distance, and also similar views along the seashore. In 
the “distant views” referred to, the objects are miles away from 
the lens. Such a subject is usually spoken of as a panorama. 
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(c) Semidistant views; light objects—This group includes light-colored 
buildings, athletic events when viewed at some distance, and open 
landscapes. 

(d) Average; near views; buildings—This group is intended to include 
the subjects most frequently met. 

(e) Portraits outdoors; dark objects.—In this group should be included 
dark objects and subjects near the lens, such as portraits, by wh:ch 
is meant a half-length near view of a person. 

(3) The relative strengths of light for the above-mentioned groups are as 


follows: 
Ch): CIOUGS ac se nar % 
(b) Snow scenes; sea and distant views_______________-___- % 
(c) Semidistant views; light objects_....-..-...-_._______-_ % 
(d@) Average; near views; buildings________--_________-_____ 1 
(e) Portraits outdoors; dark objects____-_..-__-___________- 2 


(4) The grouping of outdoor subjects should be carefully studied and fixed 
in the mind. In applying the valuations of the relative strengths of light for 
the different groups it should be noted that if one-fiftieth of a second is the 
correct exposure for a subject coming within the group designated “average; 
near views; buildings,’ the exposure for a subject falling within the group 
“snow scenes; sea and distant views” would be one-fourth of one-fiftieth of a 
second, or one two-hundredth of a second. This knowledge of the light value 
of the subject is an essential to success in exposure calculating. 

i. Speed of film or plate—(1) In the process of manufacture the photo- 
graphic emulsion intended for the coating of film or plates can be made sen- 
sitive to light in varying degrees. Plate and film manufacturers, therefore, 
furnish several kinds of products, which are suited to different purposes 
and which vary in sensitiveness to light, or, as it is called, speed. However, 
manufacturers endeavor to make certain brand of plates or film of a uniform 
degree of speed and, although different batches of such plates or film may vary 
slightly in speed, they are so nearly uniform that for ordinary purposes they 
may be considered as of constant speed. 

(2) Various systems have been proposed as a standard classification of the 
different plates or films according to speed, but in this country such a standard 
classification is not used, and the speed of a particular brand is learned only 
by experience and expressed in terms of the known speed of another brand. 
As the line which divides success and failure in photqgraphic work is often 
fine, experience dictates that all the known factors upon which success de- 
pends should be taken into consideration and that the intrusion of unknown 
factors into the problem should be prevented. The beginner, therefore, should 
refrain from using a variety of plates and films until the use of one brand 
has been mastered. With a thorough knowledge of the qualities of this brand 
the beginner then has a standard by which can be judged the speed and other 
qualities of any other plate or film. 

(83) The relative degrees of light sensitiveness or speed of some of the 
typical films and plates are as follows: 


(a) Kodak speed film---. ~~ -..----____-__-_ 1 
(6) Eastman’s portrait film (par speed) —---._-_.__-_-__-___ 1 
(c) Hastman’s commercial ortho film---..-- -____-------_- % 
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(d@) Eastman’s commercial film_._____.--____---_.__-_--_- 2 
(e), Eastman’s portrait film (superspeed)—.__---_.-_.--___- % 
(f) Eastman’s speedway plates___.--_----_-___--_--_--__ . 4 


j. Size of the diaphragm opening.—The fact is almost obvious that a lens 
with large opening will pass more light to the film than a lens with smaller 
opening. The f system of diaphragm markings has already been explained, 
as well as the calculation necessary to increase or decrease the amount of 
exposure when opening or closing the diaphragm, so that if the exposure at 
a certain stop is known, the amount necessary at any other stop can be readily 
calculated therefrom. The following table gives this information at a glance 
and shows, for instance, that if the required exposure at f—-8 is one unit, at 
f-4.5 it would be only one-third of the unit, or original amount, but at f-22, 
however, it would require 8 units: 


I see nia ht ae , 
Es Sane RE ein psey ae eens RE eee Yh 
f-6.3 . 
») oe Re eee Re re ne eee is 
Co 2, Se ak a ee 1 
Cy aor ce en 2 
(es ic ek Oe Pentre aE 4 
A = Sines En en eae en Seaton ee 8 
echt ee ee ela eh ee ee 16 
Ch > en a ae ote nner Ieee 32 
CL 2 aE a nares aN eee CN 64 


k. Consideration of all factors—(1) In the preceding subparagraphs the rela- 
tive strength of light during various hours of the day and months of the year 
and under various weather conditions has been expressed. Subjects ordinarily 
met with in outdoor photography have been classified, according to their powers 
to reflect light. The speeds or light sensitiveness of various plates or films 
have been stated and the relative powers of diaphragm openings to pass light 
have been expressed. How, then, are these data to be used in calculating 
an exposure in a given instance? By way of preface to the answer, the 
basic fact must be noted, that only observation and experience can teach a 
person how to determine accurately the correct exposure in any given in- 
stance. The successful photographer must be a careful observer and cal- 
culator of the value of the light reflected by his subject and must know 
the power of the lens and the sensitiveness of the plate or film which are 
used. While the accurate calculating of exposure can be acquired ultimately 
only in this way, a certain amount of essential information can be given to 
the beginner, which, although it is at best fragmentary, is the fullest instruc- 
tion that it is possible to impart. Always when about to take a picture the 
photographer should think over the following things before deciding upon 
the exposure : 


(a) What time of the year is it? 
(6) What time of the day is it? 

(c) How strong is the sun? 

(d@) What kind of a subject is it? 
(e) How much light does it reflect? 
(f) How fast is the film? 

(9) What stop should be used? 
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(2) The various tables appearing in the preceding subparagraphs give in 
very compact form guidance as to light strengths, classification of subjects, 
speeds of plates or films, and the powers of stops. In the last analysis judgment, 
coupled with any previous experience in photographing under a like condition, 
must be used when taking the photograph. There are exposure calculators 
on the slide-rule principle called “exposure scales” and instruments for 
measuring the strength of light called ‘exposure meters,” but none of them 
relieves the photographer of the necessity of careful thinking. Exposure scales, 
or calculators, are based on average conditions, therefore they furnish no 
guide for unusual conditions. The light-sensitive paper used in exposure meters 
becomes less sensitive with age, the exact extent of which can not always 
be determined by the photographer. Here, again, his judgment must be used 
to check or correct the meter reading. However, in order to form a basis for 
the study of exposure calculating, the amounts required under ordinary 
conditions will be roughly stated, and from these and the application of the 
instruction in this paragraph and of the experience acquired the photographer 
will be able to develop skill in exposure calculating. 

l. Typical exposures in outdoor work—(1) The following table gives a 
rough idea of the amount of exposure required under the conditions stated, 
by subjects falling within the five groups explained in h above. 


Exposure table 
(Conditions: 10 a. m., June, 40° N. latitude, intense sunlight, kodak film pack] 




















Average; . Semi- Snow 
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(2) It should be distinctly borne in mind that the exposure table included 
in (1) above is a very rough guide designed to assist the beginner in photo- 
graphic work to take the initial step and to give some idea of the amount of 
exposure required under very common conditions. The beginner will be able 
to draw upon his own personal experience as progress ig made in photography 
and thus know how to exercise discretion in using the table—that is, in properly 
grouping a given subject and in deciding how much, if any, the exposure 
indicated by the table should be increased or decreased in order to give 
exactly the result that he desires. With the data given in the above sub- 
paragraphs concerning the variation of the strength of light in 40° N. latitude 
during the months of the year and the hours of the day, the relative strengths 
of light under different weather conditions, the variation of exposure due to 
different speeds in plates or films and the value of lens apertures, it will be 
possible, using the table embodied in (1) above as the basis, to modify the 
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exposure indicated so as to calculate the exposure for other months of the year, 
hours of the day, conditions of weather, and other kinds of plates or film. 
For example—one of the conditions upon which the table is based is 10 a. m. 
during June and the exposure indicated for an average subject at f-8 is one one- 
hundredth of a second, if it is 10 a. m. during January and all other conditions 
are the same, and it is desired to know the exposure at f—8 for an average sub- 
ject, it will be found by reference to the tabulation embodied in g above, 
that at 10 a. m. in January the exposure required is two and one-half 
times that necessary during June, or 2.5 X ‘Yoo second, or % second. 
Again, if the weather should be classed as “very dull” instead of “ intense 
sunlight,” as the table contemplates, it will be noted from f above that the ex- 
posure should be multiplied by 4, which, in the assumed case under considera- 
tion, would indicate an exposure of one-tenth of a second. 

98. Golden rules for exposures.—There are certain general rules in exposure 
calculating that have become so axiomatic in practical photographic work that 
they may be called golden, because they have grown up from much experience. 
These rules are as follows: 

a. Expose for the shadows, or those parts of the subject in which you wish 
to record detail. 

b. Develop for the high lights. 

c. Expose fully with a strong, brightly lighted subject. 

d. Avoid too full exposures with fiat subjects. 

e. Weak light and haze are usually equivalent to a flat subject. 

f. Too much exposure and too little development give flatness. 

g. Too much development and too little exposure give harshness, 

h. Observe the color of the subject from a photographic color point of view. 

i. Always exercise good judgment as to classifying the subject. 

j. Note the distance from the camera to the object to be photographed. 

k. Do not forget that the light and shade contrasts are the most important 
parts of the picture. 

l. Do not put too much faith in the speed readings of a shutter. 

m. When in doubt overexpose, and if several exposures are made in order to 
be sure of a good negative increase one exposure over another by at least 50 
per cent. 

m. Remember that in the early morning or in the late evening the light is 
frequently yellow or even red and therefore it is less strong, so far as ordinary 
plates or films are concerned, than it is during the middle of the day. 

o. Do not use a larger stop than is necessary. 

99. Keeping a record of exposures.—Keep a careful and accurate record of 
all exposures and frequently consult it so that by comparison of successes and fail- 
ures of similar subjects under similar conditions the best exposure guide of 
all will gradually be built up, which is that formed by actual, practical experi- 
ence. The record should show— 

. Date. 

. Kind of plate or film. 

. Time of day. 

. Light conditions. 

. Stop used. 

Amount of exposure given. 

. Description of subject, notes on lighting, ete. 
. Number of negative. 
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100. Inserting film or plate holder in camera and making the exposure.— 
It will be assumed that the camera is in position, that the image has been 
composed on the focusing screen, and that the exposure has been calculated 
in the manner directed in the preceding paragraphs. The lens shutter now 
should be closed and the diaphragm set at the opening desired. In deciding 
upon the size of opening the effect on the length of the exposure is not the 
only principal consideration. The size of the opening also controls the depth of 
focus or depth of field. After having decided upon the diaphragm opening, 
the shutter is next set for the exposure desired. It is good practice to test 
the shutter for the exposure intended to be made with it and then reset it. 
The plate or film holder is inserted in the manner explained in paragraph 35 k, 
and, under cover of the focusing cloth, the protective slide withdrawn and the 
exposure made by pressing the cable release. The finger release on the shut- 
ter should never be used except when the cable release is not in working con- 
dition. The end of the camera is very sensitive to the slightest vibration, 
which will show in the shape of a blur in the photograph. In making the 
exposure the aim should be to actuate the shutter without moving the camera 
in the slightest degree, and this can be best accomplished by means of the 
release. (See par. 38.) While the light trap in the film or plate holder is 
supposed to be light proof, it is well not to depend upon it entirely, but to insure 
against light leaks by keeping the focusing cloth over the end of the camera 
during the making of the exposure and until the slide is returned to the holder. 

101. Photographing interiors.—The interiors which the military photog- 
rapher usually will be called upon to photograph will be those of buildings, 
rooms in houses and offices, men at work indoors, large groups of machinery. 
and the like. The source of light will ordinarily be daylight. Daylight will 
not be available at all times, or, if it is, it may be so weak as to require ex- 
tremely long exposure, in which case the entire interior should be illuminated 
by a flash light. 

102. Choice of film for interior work.—Reference is made to paragraph 92 D 
concerning the choice of plates or film for outdoor work. A _ film 
because of nonhalation qualities is to be preferred for interior work. This 
film should be of medium speed and be color sensitive or not, according to 
the nature of the subject. 

103. Handling camera in interior work.—A tripod or other rigid support is 
necessary when making the time exposures required in interior work. On 
very smooth or highly polished floors, in order to prevent the tripod from 
slipping, the legs must not be extended too far and either the tripod placed on 
an old rug, or rubber ferrules, which are ordinarily supplied for crutches, 
should be inserted over the ends of the tripod legs. If tnese are not available, 
the slipping of the tripod can be prevented by joining the legs with string, or 
better, pieces of rubber can be placed on the floor under each leg. If much 
photographic work is required on highly polished floors, a special tripod truck 
should be built. This consists of two wooden pieces forming a T or three 
pieces forming an equilateral triangle, with sockets on the ends into which 
the metal points of the tripod legs fit, and under these three ends of the truck 
casters are fitted which permit the truck with tripod and camera fastened 
to it to be readily moved to any position in the room. Plenty of time should 
always be taken in selecting the camera position. It will be found that it is 
usually necessary to try several positions before the most suitable one is 
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obtained. In arranging the image on the focusing screen it should be re 
membered that more of the floor than the ceiling should be included, so that 
the room will not appear to be top-heavy. Also, in composing the view, it 
will probably be necessary to use the rising and falling front. It is very impor- 
tant that the operator study the picture he is about to take from the exact posi- 
tion of the lens. Consequently, before making the exposure, place the back of the 
head directly in front of the lens and study the view, and be on the alert for 
reflections from highly polished surfaces, glass in framed pictures, mirrors, 
and the like. In the case of pictures it is sometimes possible to change the 
angle of them by placing a wad of paper behind one corner of the frame. 
In selecting the camera position endeavor to arrange to photograph across the 
light coming from a window rather than directly toward it, as by so doing 
better gradation will be obtained and halation will be avoided as well. Some- 
times it will not be possible to exclude some of the windows from the view. If 
the light coming from these windows is bright, it should be softened by either 
covering the windows, or by coating the panes with Bon Ami, applying it with 
a cloth that has been dipped in water. Also, to minimize the effects of halation, 
a film or a nonhalation plate should be used. In photographing interiors 
always employ a small lens stop, one not larger than f-16. Stop f-—22 is pre- 
ferred by many for interior work. 

104. Wide-angle photography.—a. General.—Almost always the operator 
will be called upon to include as much of an interior view as possible on the 
film. At the same time, the interior working space may be so small as to make 
it necessary to place the camera too near to include all the area desired. The 
problem thus presented of a wide-angle view in a confined space may be solved 
in either of two ways— 

(1) Photograph the interior in sections, or 

(2) Photograph it with a wide-angle lens. 

b. Photographing in sections—Photographing an interior in sections is not 
difficult. The camera is placed at the best available viewpoint and so fixed 
on the tripod that the lens will be directly over the tripod screw; this position 
is important. The camera is turned on the tripod and exposures made so that 
the prints will properly join and form a complete view. To take the required 
views, swing the camera to the side until it includes one end of the entire view. 
With the camera in this position, note some conspicuous object in the view, 
which is shown at the opposite end of the focusing screen, make the exposure, 
again swing the camera so that the selected conspicuous object is at the other 
side of the focusing screen. These operations are repeated until, section by 
section, the other end of the entire view is included. Ordinarily two sections 
will be sufficient, as the angle thus embraced will be generally about 120°. 

c. Use of wide-angle lens—Wide-angle lenses are slow and distort the view 
on the ends of the film. A high-grade anastigmat lens of short focal length, 
if stopped down, can be used as a wide-angle lens on a larger plate than that 
for which the lens is listed; thus some lenses of only 5 inches in focal length, 
when sufficiently stopped down, will satisfactorily cover an 8 by 10 inch film. 
A lens of this size, if used on an 8 by 10 inch camera, will include an angle 
of 90°. The distortion noted, however, will be obtained even with this lens. 

105. Arranging interior and lighting.—The secret of success in interior 
photography by daylight lies in controlling the light by raising or lowering the 
window shades and opening or closing doors so that the light will be as uniform 
as possible in those parts of the room that are to be photographed. It also 
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lies in having the light come from behind the camera and from any one or 
more sides except the side of the room toward which the lens is pointing. 
If, after thus arranging the room, the light is not uniform and there are por- 
tions included in the view which are relatively very dark, it is possible to light 
these up during the exposure by the use of a portable light such as a 1,000-watt 
nitrogen Mazda bulb which requires only 110 volts. If the interior is not at 
all sufficiently lighted by daylight, it is best to rely upon artificial light. While 
arc lights of various sorts, clusters of nitrogen-filled tungsten bulbs, and mer- 
cury vapor lamps can be used, it is doubtful whether these will always be 
accessible, and a flashlight must therefore be resorted to. Instructions for 
taking of interior photographs by flashlight will be found in paragraphs 108 
to 115. Often it will be found that interiors containing furniture and articles 
of various sorts will give the room the appearance of being crowded. Do not 
attempt to include all the furniture in a room within the confines of the pic- 
ture, and be careful that the larger objects, such as chairs or tables, do not 
come in the immediate foreground, as they will then be photographed out of 
proportion. 

106. Calculating exposure in interior work.—a. General_—The exposure 
-given when taking a photograph of an interior should always be ample. When 
in doubt, the operator should lean toward overexposure rather than under- 
exposure in order to secure full detail in the shadows. An undertimed negative 
will not only fail to show these details but the contrast in it will be too great. 
In calculating the exposure necessary in interior work, account must be taken 
of the number of windows, doors, and other inlets for light, color of walls, 
hangings, as well as the condition of the light outdoors—that is, whether it is 
sunshiny or dull; in short, all the factors explained in paragraph 97 must be 
considered. Carefully studying the view and observing especially the strengths 
of the light reflected by the different objects in the view, coupled with previous 
experience in such matters, are the safest guides in exposure calculation. Sug- 
gestions which may prove helpful to the beginner in acquiring the necessary 
basic experience are as follows: 

(1) White walls and more than one window.—Intense sunlight outside, 4 
seconds; hazy, 20 seconds; bright sunlight, 10 seconds; dull, 40 seconds. 

(2) White walls and only one window.—Intense sunlight outside, 6 seconds; 
hazy, 30 seconds; bright sunlight, 15 seconds; dull, 60 seconds. 

(3) Medium-colored walls and hangings and more than one window.—Intense 
sunlight outside, 8 seconds; hazy, 40 seconds; bright sunlight, 20 seconds; dull, 
80 seconds. 

(4) Mediun-colored walls and hangings and only one window.—Intense sun- 
light outside, 12 seconds; hazy, 60 seconds; bright sunlight, 30 seconds; dull, 
120 seconds. 

(5) Dark-colored walls and hangings and more than one window.—Intense 
sunlight outside, 20 seconds; hazy, 80 seconds; bright sunlight, 40 seconds; dull, 
2 minutes 40 seconds. 

(6) Dark-colored walls and hangings and only one window.—Intense sun- 
light outside, 40 seconds; hazy, 2 minutes 40 seconds; bright sunlight, 80 
seconds; dull, 5 minutes 20 seconds. 

The above suggestions are designed contemplating the use of stop f-16 with 
a film or plate of the speed of kodak film pack. They are calculated for rooms 
where windows receive the unobstructed light from the sky and for exposures 
made not earlier than three hours after sunrise or later than three hours before 
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sunset. When in doubt, the walls and hangings in the room should be classed 
as dark colored and given the exposure recommended for dark-colored walls 
and hangings. 

b. The use of the diaphragm in calculating exrposure.—(1) Cover the camera 
nnd head with the focusing cloth and wait until the eyes are accustomed to the 
dull light passing through the focusing screen. Stop down until the detail 
which it is wished to record in the deepest shadow has just disappeared. Note 
the stop and consult the following table, which will give you the exposure at 
f-16 with a kodak film pack: 


If desired detail in shad- | Expose at f-16 with 
ow disappears at— kodak film pack 


5 a. Se ee eee oe 8 minutes 

Pel oe ee see oe 4 minutes 

f-16__-.......--------- 2 minutes 

| a)? EO ee 1 minute 

| 2S 7 ee ee ee 30 seconds 
PAS ot os tion ee 15 seconds 

Fi ee een ee 7.5 seconds 


(2) It should be remembered that the stronger the light the smaller will 
be the diaphragm setting necessary to make desired detail in the shadow 
dissappear. It should also be remembered that the amount of exposure found 
is for stop f-16 with the kind of film mentioned. If it is desired to use another 
size stop the exposure should be increased or decreased according to relative 
value of stops under the f system. 

(3) The table can be readily memorized by noting that if the detail in the 
Shadow disappears at f-22 the exposure is 1 minute at f—16 with a film of the 
speed of a kodak film pack. If it disappears at f-16, it is twice 1, or 2 minutes; 
and if at f-18, twice what it would have been at f-11, or 8 minutes. On the 
other hand, if the light is stronger and detail does not disappear until you have 
stopped down to f-32, the exposure at f—16 will be half of what it would be if 
the detail disappeared at f-22. At f-45 the exposure would be half of that at 
f-82, and at f—64 half of that at f—45. 

(4) If, after having calculated the exposure for a film of the speed of a 
kodak film pack, it is desired to use some other plate or film which is slower 
or faster, multiply, in accordance with the following table, the exposure found 
for a film of the speed of a kodak film pack: 


Plate or film Factor 
Eastman commercial ortho film_.........-.-----.--- ye 
Eastman commercial film__..........-.------------- 2 
Eastman superspeed portrait film............-.----- ¥ 
Cramer’s commercial Iso plates__.........---------- % 
Eastman speedway plates. -_.........-..--.----.---- ye 


107. A study of typical exposures in interior work.—The exposure tables 
embodied in paragraph 106 will indicate the exposure required in average 
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cases. In using these tables it should be remembered that stop f—16 should 
be employed with kodak speed film or a film or plate of equal sensitiveness. 
If a smaller stop is to be used the amount of the exposure indicated should 
be increased according to the table appearing in paragraph 97 j. Likewise, if 
a film or plate of different speed from the kodak film pack is used, the re 
sulting exposure should be increased or diminished as indicated by the table 
embodied in paragraph 97 i. The tables have been incorporated in this manual 
to serve as a basis for the beginner. It should be realized whenever they are 
consulted that they should be checked against the observation, best judgment, 
and experience of the operator. The descriptions of the interiors given in 
the tables are sketchy, and it is only by careful observation that the operator 
will be able to determine whether the essential conditions in hand fall within 
one of these descriptions in the tables, and if so, what account must be taken 
of the other factors in the given case that make it necessary to increase 
or decrease the indicated exposure. All that has been stated in paragraph 97 
regarding exposure calculation generaily is in point here, and the statements 
in that paragraph should be considered in connection with those contained 
in this. 

108. How to use the flash light.—Frequently it may be desired to photo- 
graph the interior of a room and the amount of daylight entering the room 
is insufficient for the taking of a photograph with a reasonably long exposure. 
Also, it may happen that the daylight enters the camera directly, and _ it 
must be excluded in order to utilize the only available camera position for 
photographing the objects desired. Under conditions of the kind described the 
problem that arises concerning sufficient illumination is best solved by employ- 
ing a flash light and depending upon this light to furnish all the illumination. 
Other conditions may be instanced where the flash light may be used effectively 
to supplement daylight. The problem may be the photographing of a very 
large room which is lighted from only one side by daylight. To obtain a fully 
timed negative in the darkest corner of the room would cause a decided over- 
exposure near the windows. The flash light, concealed from direct line with the 
lens by some article of furniture or a screen, will illuminate the dark corner 
and give an evenly lighted interior. 

109. What a flash light is.—The photographic flash light is an illuminant 
Gbtained by the ignition and combustion of certain chemical compounds, or 
by the passing of pure magnesium through a flame. The light thus produced 
is of powerful actinic quality and of extremely brief duration. Pure mag- 
nesium powder gives a bright and highly actinic flash, but it must be blown 
through a flame. Flash-light powders (of which there are a number of brands 
on the market) contain substances in addition to magnesium and thus con- 
stitute really explosive mixtures. They must be ignited by applying a light 
and should never be blown through a flame; otherwise, a dangerous explosion 
will result. Magnesium is a lustrous silvery white powder and comes in 
bottles of different capacities, viz, 1 ounce, 14 pound, or 1 pound. The flash 
powders of various makes may also be purchased in this way, but frequently 
they are packed in cartridge form, each cartridge having a small fuze at- 
tached. Still another form of flash powder is known as “ flash sheets.” These 
sheets have the powder incorporated in them in different amounts and are 
therefore supplied in sheets of different strengths. As the magnesium or 
flash powder gives a more instantaneous fiash than the slower-burning sheets, 
many prefer the powder. 
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110. The position of the flash light in making the exposure.—Obviously, 
if the flash is set off within the range of the lens the negative would show 
the effect, in the form of fog, of the strong light that has thus entered the 
camera. As a general rule, therefore, the flash light should be to the side 
and back of the camera. If necessary, however, it may be placed close to the 
side of the camera and within the angle of view of the lens, provided some 
kind of opaque screen is interposed between the flame and the lens. The 
flash light must be placed so as to give the greatest illumination, and at 
the same time the direction of the light thus produced should create shadows 
that will fall in the manner desired. The flash light should also be placed 
sufficiently high. In other words, the kind of light obtained by the flash 
light should be as close an imitation as possible of the usual daylight lighting. 
In some cases the size of the interior may make it necessary to ignite more 
than one flash in order to obtain sufficient illumination or uniform illumination. 

111. Selection of film in flash-light work.—<Aside from a flash light of 
sufficient strength, properly placed and reflected to the fullest extent, the secret 
of success in flash-light photography lies also in the selection of a suitable kind 
of plate or film for the negative. It is impossible to determine this without 
knowing the actinic quality of the light given by the flash used. If there is a 
preponderance of the blue and ultra-violet rays and an absence of other rays, a 
rapid, noncolor sensitive plate should be chosen. On the other hand, if the flash 
powder gives a light containing other rays than the blue or ultra-violet, an 
orthochromatic film or nonhalation orthochromatic plate should be used. 
Without knowing the actinic value of the light it would be safe to make the 
first tests with orthochromatic film or plates. After experience has shown 
the most suitable plate for a certain brand of flash-light powder, full advan- 
tage should be taken of this information by always employing such a combina- 
tion in future work. Instructions of the manufacturer of the flash-light 
material may be helpful to the photographer in deciding upon what plate or 
film to use for the initial tests. 

112. Focusing the camera for flash-light work.—In some poorly lighted 
interiors or at night difficulty may be experienced in focusing. Decision should 
first be made as to what are the important points in the subject, and an assist- 
ant should hold a match or candle at these points while the photographer is 
focusing the camera. If the room is ordinarily illuminated by electric lights 
of the usual strength, these lights should not be extinguished, but allowed to 
remain on even when the shutter of the camera is opened just prior to the igni- 
tion of the flash light. This course is especially desirable if the interior 
includes persons, as the ordinary artificial illumination, if left burning during 
the focusing and taking of the photograph, lessens the unnatural and scared 
expressions of persons photographed. Such expressions inevitably result when 
an intensely bright light is suddenly flashed out of darkness. 

113. Correct lighting when using flash light.—The correct lighting when 
using a flash light depends upon the following: 

a. The position of the flash light. 

b. The proper diffusion of the light, by the use of a screen if necessary. 

c. The distance of the flash light from the subject. 

d. The proper placing of the reflector, if reflectors are thought necessary 
and used. 
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114. Correct exposure when using fiash light.—a. The correct exposure 
when using a flash light depends upon— 

(1) The size of the flash. . 

(2) The size and color of the room. 

(3) The color of the subject, if any. 

(4) The distance of the flash from the subject. 

b. The size of the flash obviously depends upon the quantity of powder 
used; and the quantity of powder should be gauged by the amount of illumi- 
nation necessary, which in turn is regulated by the size and color of the interior 
and the distance from the camera to the objects composing the view. Here 
again judgment and experience must finally decide. With a film of the speed 
of Eastman’s superspeed portrait film and at stop f-8, the following shows the 
distance from the camera to the important object or objects and the amount of 
flash powder needed: 


Grains 
rE COU as eke See ee ee ee eee r¢ 
OC TGCC i Sn hoe So oe ee ee ee a eee 15 
OF OCG ea ot Se 40 
OC esa Gao se er ee eee 105 
310 ie oS, 5 Sn a mE sR ee cs ye re aR ere Se ar 180 


If pure magnesium is substituted for flash powder in the above table, triple the 
quantity in each instance. 

115. Cautions to be observed when using flash powder.—a. It should be 
noted from paragraph 109 that flash-light powders, while giving greater illumi- 
nation per unit of quality than pure magnesium, are also much more combusti- 
ble. In fact, flash powders are very explosive and should be handled with the 
same care as gunpowder. 

‘0. Flash-light powder should be carried in a small, portable, fireproof con- 
tainer such as a close-fitting tin box or bottle, and should not be carried in the 
camera carrying case as the very fine particies of it are likely to spill out and 
being so fine are very difficult to remove from the case. If any particles are 
allowed to remain in the case, they eventually work their way through the film 
or plate holders to the surface of the film or plate. 

c. While the smoke from flash light is not dangerous to inhale, means for 
the rapid change of the air in the room or interior should be thought out in 
advance and provided for before the flash is ignited, so that immediately after 
the exposure is made the room can be instantly and sufficiently opened to 
allow the smoke to pass out rapidly. 

116. The equipment necessary in portraiture.—a. To facilitate the pro- 
duction of the best work in portraiture, the operator should have a suitable 
camera equipped with a lens of sufficient speed to prevent the exposure being 
prolonged beyond the limit of the sitter’s patience. Also, the lens used for 
portraiture should have a comparatively long focal length in order to avoid 
the distorted appearance in the photograph of those parts of the sitter’s body 
nearer the camera than others. Examples of such distortions are common in 
photographs of persons taken with short focal length lenses in which, for 
instance, their feet or knees, if sitting, being nearer to the camera than the other 
parts of their bodies, are large and very much out of proportion. In addition 
to a suitable camera and lens, a noiseless shutter with a sufficiently long release 
is almost a necessity. While good work can be done in the home with such 
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facilities as exist there, the well-equipped studio affords a greater range of 
possibilities, with its numerous conveniences and accessories. As the camera 
that will be available for portraiture in military service is the view camera 
equipped with an f-6.8 lens and as the required portraits will usually be taken in 
the laboratory or a room affording only the ordinary side-window illumination, 
the instructions that will be given in the paragraphs that follow are based 
upon such conditions. 

b. There are a number of plates or films especially adapted to portraiture. 
These are of such speed as to permit the taking of the picture in the shortest 
time possible. An example of flim suitable in portraiture is Eastman’s por- 
trait film, parspeed or superspeed, according to whether a medium fast or an 
extremely fast film is desired. 

117. Preliminary preparations for portraiture.—If the photographer at- 
tempts to make a portrait outside of a regularly equipped studio and under 
the usual conditions found in a home or laboratory, decision should be reached 
as to the kind of portrait to be taken and the necessary preparations made 
before the sitter is brought before the camera. Otherwise, the sitter will be- 
come tired and perhaps unnatural looking in the unavoidably long wait required 
by the necessary preparations, and to this extent the likeness will lack fidelity. 
Everything, therefore, should be in readiness so that the sitter can take the 
designated place and the photographer can complete quickly the final prepara- 
tions and at once make the exposure. The arrangements, therefore, should con- 
cern the lighting, the background, the reflector, the chair or support for the 
sitter, the camera position, and handiness of the holders containing the plates 
or films to be used. 

118. Arrangement of light in portraiture.—In portraiture it is necessary 
that the lighting used to illuminate the subject should possess a certain quality 
of softness. That which comes through the ordinary unscreened window is too 
harsh unless the sitter is placed at sufficient distance from the window. As 
space will not ordinarily permit this, and as the photographer will need light 
of good strength so that the exposure will not be too long, he will undoubtedly 
have to work close to the window. In this event the lower part of the window 
should be screened off with some opaque material, such as a focusing cloth, 
and the light allowed to come from the upper part of the window and strike 
the sitter at an angle of aboyt 45°. It will be found much easier to work with 
just one side window than with a number of other windows in addition, 
although the additional windows will afford greater illumination. The harsh- 
ness of the light coming from the upper part of the single window being used 
should be softened by the use of cheesecloth or white tissue paper. Block out 
any cross-lights and use only the one window mentioned. 

119. The reflector in portraiture.—The reflector used in portraiture should 
be of white material, such as muslin, stretched on a screen of suitable size. 
It should be placed at such a distance from the sitter that it will throw back 
some of the light on the sitter and thus even the illumination, particularly on 
the face. While this screen may consist of a sheet of at least 3 or 4 feet 
square suspended in proper position, the handiest arrangement is a reflector 
mounted on a frame that can be rolled to any part of the room and which is 
so constructed that the reflector proper can be given any slant desired. In an 
emergency cross sticks can be tied to a chair and a bed sheet thrown over it. 
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120. The portrait camera stand.—As it will be found necessary to try several 
positions of the camera before selecting the one desired, the constant moving 
of the camera on its tripod will be awkward and time consuming. An assistant 
should be posed, and in so doing the camera position and focus should be 
obtained. If the quantity of portrait work required justifles it, a tripod truck 
should be made, as explained in paragraph 108. The tripod and camera on 
such a truck can be readily moved about the room. 

121. Position of camera in portraiture.—a. In selecting the camera position 
it is best that the camera never be placed nearer than 8 feet from the subject. 
With a lens of 12 inches in focal length, which is ordinarily furnished on the 
view camera, this will give a comparatively small-sized image on an 8 by 10 
inch film. However, it is better to obtain such an image than to attempt a 
larger one at closer range, in which there will be distortion of the sitter’s 
features, which will constitute the real cause of failure to obtain a good likeness. 

b. The height of the camera is an important consideration. It should be 
higher than the head of the sitter and always should be directed down at him 
at a slight angle. 

122. Use of reflector.—a. It is supposed that, following the instructions con- 
tained in the preceding paragraphs, the photographer has the lighting arranged 
as instructed; that his assistant is in the place to be occupied by the sitter; 
that the camera position has been found and the camera focused; and that 
that there is, back of the assistant, some suitable background which will not 
introduce bright objects that will distract attention from the portrait when it 
is viewed. An especially made background with tones ranging from light 
gray to black will give pleasing results, but in an emergency an olive-drab 
woolen blanket may be used. 

6. With the completion of these preparations, the photographer is ready to 
use the reflector, and it is at this point that his keen powers of observation 
and previous experience must be utiiized. The light should be even on the 
face, although not of equal strength on both sides, for this will give the effect 
of flatness and lack of roundness to the head. The shadow side of the face 
should be lighted enough so that there will not be too great contrast between 
one side of the face and the other. In other words, the reflector should be 
used to give a luminous transparent shadow on the side of the face away 
from the window. It is very easy to overdo the use of the reflector. It would 
be well, also, to observe the catchlights in the eyes of the assistant. There 
should be but one light in each eye and it should be as small and round as 
possible. 

123. Posing the sitter.—The proper arrangement of the sitter, or posing, as 
it is commonly termed, is the most difficult part of portraiture. It is some 
thing that can not be fully and definitely taught, as all persons do not appear 
and act the same before the camera. Sitting in front of a camera has no more 
effect on some persons than sitting in front of any other object. With many 
others, however, the camera makes them so conscious and ill at ease as to 
become what may be called “camera struck.” It will be astonishing to the 
beginner in portraiture to learn how many friends and close associates belong 
to the latter class. The making of successful portraits of persons of this class 
calls for the application of tact and personality, or what is sometimes known 
as practical psychology, in order to offset the effect of the camera and make 

the sitter feel at ease while the picture is being taken. Just what the 
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photographer should do to accomplish this will depend upon the personality 
of the sitter. However, some useful general information can be given. The 
photographer should always be pleasant and not be hurried and should study 
the sitter carefully without being observed, so that the sitter can be very 
quickly placed in the position desired. It is well to engage the sitter in a 
pleasant conversation while making final preparations. The ideal would be 
to take the picture without the sitter knowing it, but this is not possible with 
the view-camera equipment. As many of the initial preparations as possible 
should be made with the photographer’s assistant in the chair or in the 
pose selected for the sitter, so that the photographer will be concerned at the 
last minute merely with finding the direction in which the sitter should look. 
This can be done quickly by asking the sitter to turn the head as far as poss- 
ible to the right and then move it slowly to the left. When the sitter is do- 
ing this, the photographer should decide whether to make a profile, half-face, 
full-face, or three-quarters-face view. The type of face or features should de- 
cide this in most instances. A profile view should never be made unless the 
sitter has a good, well-shaped nose, chin and mouth, nor should a full-face 
view be made of a very round-faced person. The majority of portraits are 
half or three-quarters face, and the extent to which the face is turned will 
depend upon whether the person is thin or fat. Always pose the sitter from 
the lens point of view, and having found the desired position without ex- 
hausting the patience of the sitter, lose no time in making the exposure. In 
order to have the eyes appear natural and the lips sufficiently prominent, at the 
last minute request the sitter to moisten the lips and look at the floor and then 
take the position instructed, then make the exposure and immediately when 
it is finished tell the sitter so he may relax. In fact, the ideal is not to permit 
such a strained position by the sitter that any relaxation is necessary, but it 
is good psychology when the exposure has been made to use such words of 
encouragement as, “ That was a good one.” 

124. Arranging the hands, etc.—No mention has heretofore been made of 
the proper arrangement of the hands of the sitter, as it has been supposed 
that the portrait would not include the hands. To arrange the hands is 
difficult, and much can be written on the subject. The general directions are 
that they should be natural and not too prominent. Usually the hands are 
prominent unless they are naturally small, and when once the photographer 
calls the sitter’s attention to them it afterwards becomes more difficult to get 
the hands in a natural position. If they are included then in the portrait, it 
is best to place them without the sitter being conscious that they are being 
arranged. This is likewise true regarding the position of the sitter. Posing 
the sitter should be done quickly, effectively, and without the sitter being 
conscious of any “ fussing.” Of prime importance in any portrait are likeness 
and naturalness. Probably aS many as half of all portraits made are un- 
natural in that anyone examining the photographs can feel that the person 
was posed. A good portrait should show the person in an ordinary appearance 
and should never give the impression that a picture is being made, but rather 
that the sitter has been caught in a natural position unawares. 

125. Composing groups.—The photographing of groups of persons presents 
the same difficulty which is encountered when photographing a single person, 
hut obviously the difficulty is multiplied by the number of persons composing 
the group. The chances of success are increased by making group pictures 
vutdoors. If the group is to be composed of a large number of persons the 
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usual method of arranging them is in rows. It is of course impossible to give 
to each the same amount of attention that is devoted to the posing when making 
a portrait of one person. The best that can be done is to direct each member 
of the group in turn to look in a certain direction with respect to the camera, 
and then decide which is the best direction for that person’s features. If 
there are a small number in the group, it is more interesting to pose them as 
if they were doing something so as to avoid the impression so often given 
by a group picture that the members of the group look and act as if they were 
having their pictures taken. 

126. Use of skylight.—In preparation of the preceding paragraphs, in so far 
ag they relate to the making of portraits indoors, it has been assumed that the 
illumination would be daylight coming from a single near-by window and 
striking the sitter at an angle of about 45°. Sometimes the skylight may be 
available, and if it be decided to use such a light it should be first covered with 
muslin to obtain the necessary amount of diffusion. When this has been done 
the subject should be handled in the same manner as when a side window 
is used. 

127. Use of artificial light.—The use of artificial light is now very popular 
in portraiture for many reasons, such as convenience, uniformity, and the 
obtaining of light effects which would require radical changes in building con- 
struction if daylight were used. There ‘are a number of excellent artificial 
lights on the market, but regardless of the type selected the light must not be 
placed too close to the sitter unless a suitable diffusing screen is interposed be- 
tween it and the subject. This softens the rays without cutting down the 
actinic value of the light to an appreciable degree. With two 400 or 500 watt 
electric lights 6 or 8 feet from the subject and a lens working at f—4.5, the 
correct exposure would be about 1 second on portrait film. 

128. So-called catalogue work with a view camera.—Army photographic 
personnel are frequently required to make photographs of machinery, machine 
parts, airplanes and parts, and other kinds of equipment and material used 
in the military service. This is commonly called catalogue work, for the reason 
that it is usually desired in photographs of this kind that the subject stand 
out in sharp contrast against a pure white or pure black background, as shown 
py the iilustrations in catalogues. To do this kind of photography requires a 
complete knowledge of proper lighting and the selection of a background of 
the correct color in order to obtain the requisite degree of contrast to set off 
the object. In some cases, such as large, stationary machines, it will be neces- 
sary to ignore the background completely and to photograph the object as it is 
and place it on a white background by “blocking out” the negative in the 
manner described in paragraph 134. However, where photographs of small 
parts of machines are needed, it is necessary to select and use the proper kind 
of artificial background. 

129. Photographing machinery.—Machinery is usually painted dark gray 
or blue-black and therefore photographs very well under almost all conditions. 
Proper exposure and development will compensate for any shortcomings. If 
the photographer can select a color for painting the machinery preparatory to 
photographing it, the shade known as battleship gray should be selected, as this 
color photographs very well. This paint may be applied very quickly and can 
be used as to be easily removable if gasoline or turpentine is used in mixing. 
Almost the only occasion on which the photographer will find it desirable 
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to use this paint is in photographing a small part. If if be necessary that the 
name plate on the machine appear prominently in the photograph this can 
be done by first going over the letters with a piece of chalk or whiting or Similar 
substance which will make the letters stand out clearly in the photograph. 
In case the machine has been instaHled and it is not permissible to change 
any of the color or colors in which it is painted, it is often best to hang up 
a piece of canvas or other light-colored material so as to give contrast between 
the machine and such a background. A clear, white background is often 
desired in this kind of work. If necessary the parts of the negative from which 
a print on a white background is desired can be so blocked out with opaque 
as to leave only those portions of the negative image that it is desired appear 
in the print. Oftentimes photographs must be made of parts of machinery 
which are too heavy or too bulky to be carried to the laboratory. In such 
a case the most satisfactory means must be devised of photographing the 
parts in their permanent location. It will be found usually that this can best 
be accomplished by placing them on a table or bench and inclining the table 
at an angle of approximately 30°, first covering the table with white paper 
before making the layout on it. Set the camera on another table and tilt 
it until the ground glass is parallel to the table which contains the layout. 
To do this, advantage will have to be taken of the swing back of the camera. 

130. Photographing small objects.—Small objects of which so-called cata- 
logue pictures will be required include instruments and small parts of machinery 
or apparatus. Whenever possible this material should be taken to the labora- 
tory or to a place indoors where the light can be easily and fully controlled. 
The size of the object will determine whether the camera should be placed 
in a horizontal or in a vertical position. If a large-size image is required, 
which is usual, it will be necessary to use a lens of long focal length in order 
to avoid distorting the image, which will inevitably occur when a small focal 
length lens is used at a short distance from the object. The longer focal length 
lens permits of better lighting the object and thus overcoming readily any 
shadows that may appear on the background. The color of the object will de- 
termine the color of the background to be selected. In the case of dark objects 
a white background is to be preferred, and this may be of cotton material, such 
as muslin or canvas. It should be large enough in size so that it may be placed 
far enough behind the object to be out of focus, and if this is not possible 
and the background must unavoidably be close to the object the background 
should be moved during the period of the exposure in order that a dead white 
surface without detail may be obtained in the print. Clean, white blotting 
paper will be found excellent as a background for certain small objects. The 
difficulty most frequently encountered when a white background is used con- 
sists of the number of shadows cast upon it by the object. There are several 
ways of overcoming this. A common method is the employment of so-called 
‘flat lighting” as in copying, which is secured by placing at least two strong 
artificial lights in such positions that shadows on the background will not ap- 
pear. Another way is to move the background farther behind the object, and 
still another is to even the lighting by playing the light from a strong electric 
bulb on the object during the period of exposure. Such a torch will be found 
very useful when the object is in heavy shadow or otherwise quite dark in 
color. In such a case also a neutral-gray or a light-blue background is to be 
preferred to a »ure white one, as such a background, owing to the long exposure 
required, will piutograph white and will not have a tendency to cause the 
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halation which a white background will give with prolonged exposure. The 
hand light mentioned will be found useful not only in increasing the light on the 
object but in evenly distributing it. In the case of very small objects it will 
be found easier to photograph them with the camera in a vertical position. The 
standard type of copying camera used in the Air Corps is especially adapted 
to this work, although if a tilting tripod head is used with the view camera 
the desired vertical position can be obtained. The copying camera, however, 
can be readily thrown in a vertical position and the apparatus moved around 
so that the photographer can take advantage of the best natural light, if it is 
being used, to secure the requisite flat lighting. To keep the object at sufficient 
distance from the background, an invisible supporter may be used. This may 
consist of modeling clay or putty or a combination of either with a metal or 
wood support having one end fastened in the background and the other hold- 
ing the object. If the objects are of pure white or of a light color, a black 
background should be used. The best material is black velvet, but if this is 
not available a focusing cloth, if in good condition, can be used. 

131. Photographing bright objects.—The photographer may be called upon 
to photograph objects such as silver cups presented to athletic teams of vari- 
ous organizations, of which each member of the organization desires a photo- 
graph, This can be done readily by rubbing a piece of putty over the shining 
silver surface, thereby dulling it sufficiently to relieve the natural reflection, or 
in a warm room the cup may be filled with ice water and the condensation of 
moisture on its outer surface will diminish the shininess it is desired to tone 
down. These methods of dulling the shiny surface in no way interfere with the 
appearance of the object in the photograph when complete. If there is engrav- 
ing on the cup which should appear in the photograph, it is a good plan to fill 
the letters with lampblack prior to rubbing the putty over the surface. 

132. Choice of lens in catalogue work.—When an object, especially a small 
one, is photographed with the camera in a horizontal position a lens of com- 
paratively long focal length should be used. The 12-inch, Series II, Turner 
Reich anastigmat lens /-6.8, as regularly supplied on the Army view camera, 
will be found excellent for this work if used in single element. The rear ele- 
ment alone gives a focal length of 21 inches and the front element 28 inches. 
With a lens of 21 or 28 inches in focal length the distortion of the object 
otherwise encountered with the short focal length lens is eliminated. The 
beginner in catalogue photographic work may be tempted to use a wide-angle 
lens to include all the object at close range. This temptation must never be 
yielded to, as a wide-angle lens always gives considerable distortion around the 
sides of the film, and even in confined interiors it should be used only when 
absolutely necessary. An interior view, for instance, may be photographed in 
sections with a longer focal length lens and the prints carefully joined to form a 
composite photograph. If it be desired to eliminate entirely all evidence of 
joining, the composite picture can be copied and in the copy negative the line 
of junction touched out. (See par. 104 Db.) 

133. The choice of film or plate in catalogue work.—If a film is selected, 
Eastman’s commercial film or its equivalent will be found very suitable for 
catalogue work. If a plate is used, it should be double-coated or nonhalation. 
The film or plate should be color sensitive, according to the presence of color 
in the object. If daylight is available it is much better to use this and, in 
addition, to obtain an extension cord with a 200-watt electric light or stronger 
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and a good reflector, and to shine this light on the darker parts of the machine 
in order to relieve any shadows that may be present. 

134. Blocking out nezatives.—a. The term “ blocking out a negative ” means 
the application of opaque coloring matter to the negative, exactly and neatly 
around the subject, so that in the print it will appear to have been taken 
against a white background. AS suggested in paragraph 128, blocking out 
may have for its purpose either the complete elimination of the natural back- 
ground of the object, or the opaque may be lightly applied in those portions of 
the negative where the image of the white background employed is not of uni- 
form or sufficient density. The materials used in this work are— 

(1) Red sable, water-color brushes as follows: No. 1 for the finest work 
and Nos. 6 and 18 for the other work. 

(2) A draftsman’s ruling pen. 

(3) Mapping pens (or any fine-pointed pen that will allow thick liquid color 
to run easily). 

(4) A straightedge. 

(5) A celluloid French (irregular) curve. 

(6) A tube or cake of opaque. 

b. Blocking out is usually done on the film side of the negative, after the 
manner of water-color painting. The small quantity of water needed to liquefy 
the opaque is usually carried to the opaque on a brush. To charge a brush with 
the color, first wet it with water and then squeeze out the surplus water by pres- 
sure of the brush against the side of the water container. Now gently rotate 
the brush over the color by rolling it between the thumb and fingers. In 
this way the brush takes on the color at the point and in just the right amount 
required. Always wash and dry a brush at the conclusion of work so that it 
will be ready and in good condition when again needed. 

c. All blocking out should be done with the negative in the retouching 
desk and with the carrier frame lying back as far as possible and yet permitting 
the full reflected light to pass through the negative. If the carrier frame is 
too near the vertical the color will not run freely from the pen or brush. Turn 
the negative in any suitable direction in which it is easiest to follow the outline, 
working away from the corners and not into them, and always from the 
center of the negative outwardly, making an opaque band of color at least 
one-eighth inch in width, first with the pen and afterwards with the finest brush 
around the parts to be left in. The negative can then be removed from the 
desk, allowed to dry, and afterwards held horizontally in the left hand and 
boldly washed over up to the pen line and brush band with No. 18 red sable 
brush charged with opaque. The negative then should be placed flat on a 
shelf to permit the opaque to dry. 

d. If the opaque shows a tendency to dry brittle and crack, which will 
Sometimes happen when used in the cake form, add a few drops of a thick 
gum arabic sirup. This gives elasticity to the opaque and will help to make 
it spread properly without a tendency to crack when dry. Always prepare the 
opaque so that it wiil spread easily and evenly without streakiness, and if 
possible avoid two applications. 

e. As to the method of outlining the image, it is best to trace around it 
With the opaque on a ruling pen or on a pen of the kind already mentioned. 
Work skillfully around the outline of the portions to appear in the print, taking 
the greatest care possible not to encroach upon any of the picture. If the 
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opaque gets on the image, correct the mistake at once with the pointed wooden 
end of the brush wrapped with a piece of soft, thin cotton material such as 
nainsook, and then with the brush slightly moistened with water only move 
back the extraneous opaque toward the portion to be blocked out. When this 
is accomplished do not attempt further work on this part of the negative until 
the surface is quite dry. 

f. In following a straight line make the fullest use possible of the straightedge. 
There is a tendency on the part of photographers to try the difficult task of 
tracing a straight line without the use of a Straightedge. Similarly, use the 
French or irregular curve as much as possible in following curved lines. The 
skill of the ordinary operator is usually insufficient and his nerves and muscles 
not trained to produce other than a ragged line with a brush when attempting 
to trace a straight line. After the image has been fully outlined by a band 
of opaque of appreciable thickness it will be an easy matter to continue the 
opaque with a brush to the edge of the negative in the manner already explained. 

135. Training course.—The design of the preceding paragraphs on view: 
camera work is to give the theoretical instruction necessary for the use of 
the view camera. The purpose of the paragraphs that follow is to prescribe 
the practical photographic exercises necessary to apply the instruction given. 

136. Instruction procedure.—u. In each of the exercises outlined below the 
following exercises will be followed after the resultant negatives have been 
examined and criticized: 

(1) Make one contact print from each negative. 

(2) Write a criticism of each print and include full and complete data 
regarding exposure, development, and finishing and in each instance state 
how the technical qualities of the photograph, as well as the composition or 
handling of the subject, might have been improved. 

b. Quantity loading of plate and film holders.—(1) See paragraph 92 b and c. 

(2) Obtain one dozen double plate or film holders and two dozen plates or 
cut films. 

(3) Devise a method of handling the holders and plates or films that will 
accomplish the loading carefully, correctly, and in the shortest space of time 
practicable and without wasted effort. 

c. Photographing outdoor subjects—(1) See paragraphs 90 to 100. 

(2) With a view camera on tripod, photograph six outdoor subjects, such 
as— 

(a) A building. 

(0) A street. 

(c) An airplane. 

(d) A moving vehicle. 

(e) Close-up of an automobile. 

(f) A full-length photograph of a man. 

(3) Make a complete record of the exposure data for each photograph 
taken. 

(4) Develop and otherwise finish the films or plates and when dry study 
the negatives in connection with exposure data in an endeavor to locate the 
cause of any failures due to incorrect development or otherwise. 

d. Photographing interiors—(1) See paragraphs 101 to 103 and 105 to 107. 

(2) With view camera photograph six subjects indoors, including, for in- 
stance, such subjects as— 
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(a) General interior view of a building. 

(b) Close up of an object in the building. 

(c) View of several persons at work. 

(3) Make a complete record of the exposure data for each photograph 
taken. 

(4) Develop and otherwise finish the films or plates, and when dry study 
the negatives in connection with the exposure data in an endeavor to locate the 
cause of any failures due to incorrect development or otherwise. 

e. Taking panoramic or wide-angle photographs.—(1) See paragraph 104. 

(2) With a view camera take three photographs of the interior of a build- 
ing so that the pictures can be accurately joined and form a composite pano- 
ramic or wide-angle view. 

(83) Make a complete record of the exposure data for each photograph. 

(4) Develop and otherwise finish the films or plates and when dry study 
the negatives in connection with the exposure-data record in an endeavor to 
locate the cause of any failures due to incorrect development or otherwise. 

(5) Make one contact print from each negative and join the prints neatly 
together so as to form a composite picture. 

f. Taking interior photographs by flash light.—(1) See paragraphs 108 to 
115. 

(2) With a view camera make a photograph by flash light of the interior of 
a building or room approximately 30 or 40 feet square. 

(3) Make a complete record of the exposure data including a statement as 
to the kind and amount of fiash-light powder used and a sketch of the floor 
plan of the room, showing the position of objects included in the view, the posi- 
tion of the camera, and the position of flash light, and the distances one from 
another of these three things. 

(4) Develop and otherwise finish the film or plate, and when dry study the 
negative in connection with the record of the exposure data and endeavor to 
determine the cause of any failure due to incorrect exposure, development, or 
otherwise. 

9. Taking portraits —(1) See paragraphs 116 to 127. 

(2) With a view camera make three portraits of another person indoors, 
half or three-quarters length, and three photographs outdoors of a group of 
not less than one dozen persons. 

(3) Make a complete record of the exposure data, a statement as to the 
kind of illumination used, and a sketch of the floor plan of the room, showing 
the positions of — 

(a) Illumination. 

(b) Background. 

(c) Reflector. 

(d) Sitter. 

(e) Camera. 

(f) The direction in which sitter was looking, and indicate on the dia- 
gram the distance between illumination and subject, between sub- 
ject and reflector, and subject and camera. 

(4) Develop and otherwise finish the films or plates, and when dry study 
the negatives in connection with the record of the data made in accordance 
with a@ above and endeavor to determine the cause of any failures due to 
incorrect development or otherwise. 

h. Photographing machinery—(1) See paragraphs 128 and 129. 
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(2) With a view camera make three photographs indoors of a machine. 

(3) Make a complete record of the exposure data. 

(4) Develop and otherwise finish the films or plates and when dry study 
the negatives in connection with the record of the data made in accordance 
with the preceding subparagraphs and endeavor to determine the cause of any 
failure due to incorrect development or otherwise. 

i. Photographing small objects—(1) See paragraphs 132 and 133. 

(2) With a view camera make three photographs of small objects conven- 
iently at hand. 

(3) Make a complete record of the exposure data, including a statement as 
to methods used in taking photographs. 

(4) Develop and otherwise finish the films or plates, and when dry study 
the negatives in connection with the data made in accordance with the pre- 
ceding subparagraphs and endeavor to determine the cause of any failure due 
to incorrect development or otherwise. 

j. Blocking out a negative.—(1) See paragraph 134. 

(2) Select a catalogue negative made in accordance with paragraph 136 
h or ¢. 

(3) Make a contact print from the negative. 

(4) Block out the negative. 

(5) Make contact print from the negative after it has been blocked out. 

(6) Compare the contact print made before the negative was blocked out 
with that made after blocking out and study the general improvement in the 
photograph and note the degree of success achieved in the work of blocking out. 


SEcTION VI 


GRAFLEX, SPEED GRAPHIC, AND KODAK CAMERA WORK 
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137. What graflex-camera work includes.—By reason of its size and the 
nature of its construction the view camera must invariably be used on a tripod. 
It is difficult to carry it around easily, and under some conditions the nature 
of the subject does not permit of setting up the tripod and going through the 
very deliberate operations required in its use. A small, portable camera that 
can be curried in the hands and does not require a tripod is necessary to sup- 
plement the view camera in order to be able to engage in all the various kinds 
of photographic work on the ground required in military photography. Such 
a camera is the graflex. It is an excellent hand camera and is suitable for any 
kind of hand camera work; and in addition, it is especially adapted to other 
kinds of work by reason of the employment of a reflecting mirror and a focal 
plane shutter. In the Army the kind of photographic work for which the 
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graflex camera is popular and especially adapted includes accidents; aeronauti- 
cal, athletic, and similar events; and in short, all kinds of photographic work 
which are usually embraced under the term “ newspaper photography,” as used 
in civilian life. 

138. Preparation for outdoor graflex work.—a. A familiarity with appara- 
tus.—Success in the use of the graflex camera depends largely upon thorough 
familiarity with its construction and skill in its manipulation. The time 
ordinarily allowable for the taking of a photograph with the graflex camera is 
small, and the subject it is desired to include will have changed or vanished 
if time is lost in making ready for the exposure. There must never be any 
hesitancy in deciding upon the amount of exposure, in adjusting curtain 
tension and aperture to give the desired exposure, in focusing, and in the other 
camera operations necessary in taking the picture. The proper functioning 
of the camera is obviously necessary, and therefore immediately before any 
work is done there should always be a rigid and thorough inspection. It 
should include the tripping of the mirror and of the shutter to see that the 
tension spring draws the curtain aperture across the focal plane in what ap- 
pears to the eye to be the time indicated by the metal time-table attached to 
the focusing hood. The mirror should be brushed over with a soft camel's-hair 
brush, if necessary, and the focusing screen under the hood should be cleaned. 
The inside of the camera should be kept dusted out. The glass surface of the 
lens should also be cleaned and the diaphragm tested to see whether it is 
in working condition; and in addition, if the camera has not been in use for 
some time, it is advisable to see whether the focus on the ground glass under 
the hood agrees with the focus at the focal plane. This check is made in the 
manner described in paragraph 47 a. 

b. Choosing film or plate —tThe fact that the graflex camera is nearly always 
used without a tripod requires instantaneous exposures under varied conditions 
of light, and thus necessitates that the choice of the film or plate be primarily 
on account of its light sensitiveness or speed. While for the usual kinds of 
outdoor subjects the film pack will be found to possess sufficient speed, there are 
occasions when an unusually brief exposure is required, and consequently a 
speedier emulsion is necessary than that used in making the film pack. 
Probably the fastest photographic emulsions procurable are coated on plates, 
of which the Eastman’s speedway plate is an example. If ultraspeed is not 
required, cut film may be procured that possesses a satisfactory degree of speed. 
An example of such film is Eastman’s superspeed portrait film. Sometimes in 
graflex work, in order to obtain a fully exposed negative with an exposure of 
more than one five-hundredths of a second, the fastest photographic emulsion 
procurable must be used with the utmost speed of the lens, which should never 
be less than f-4.5. The mounting of a slower lens on the graflex camera pre- 
vents the use of all the possibilities of its shutter. 

139. The photography of moving objects.—The objects that the Army pho- 
tographer will be required to photograph while in motion include soldiers on 
the march, automobiles, and other vehicles, trotting horses, sporting events, 
trains, airplanes, and the like. The essential problem involved in this work 
is to select an exposure that will be so brief that the object will appear on 
the film as if stationary and without blur, and at the same time sufficient to 
give the necessary amount of density to the negative. In other words, the 
motion must be stopped with the greatest amount of exposure possible. A 
detailed study of this problem is made in paragraph 141. 
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140. Special adaptation of the graflex to the photography of moving 
objects.—a. Comparison of grafler with view camera.—In using a view camera 
the tripod must be set up, the camera opened, adjusted, and focused, the shutter 
closed, the film or plate holder inserted, the slide drawn, and the shutter 
operated. In the graflex camera the reflecting mirror is in position, and through 
the focusing hood the moving object can be focused and the exposure made at 
the instant desired. The few operations when compared with those enumerated 
as necessary when the view camera is used show the great value of the re- 
flecting focusing mirror in the photography of moving objects. In addition, the 
graflex camera is equipped with a lens of great speed and a shutter that will 
give a range of much briefer exposures than is possible with the view-camera 
shutter. Likewise the method of changing plates or film when the grafiex 
plate or film magazine is used is so much quicker than with the view-camera 
holders. 

b. Use of grafler for other than speed work.—The graflex camera has a tripod 
socket, a revolving back, a ground-glass screen that may be placed in the focal 
plane, and in certain types a sufficient extension of bellows to make the camera 
suitable for almost any kind of work in which a photograph of small size will 
be satisfactory. Unless the lack of a view camera makes it necessary, it is 
considered best to employ the graflex for instantaneous hand-held work only 
and to use the view camera when a larger-size photograph is needed and when 
conditions permit or require more deliberate work. 

141. Speed factors in the case of moving objects.—a. Enumeration of fac- 
tors—A minute study of the problems involved in the photography of moving 
objects reveals that the speed factors which must be reckoned with in such 
work are— 

(1) The actual speed of the object. 

(2) The angle of movement of the object toward the photographer. 

(3) The distance of the object from the lens. 

(4) The focal length of the lens. 

bv. Speed of the object.—In order to prevent blur, or lack of definition, in 
the photograph, the exposure must be so brief that an effect of the movement 
of the object during exposure will not be apparent. The speed at which the 
object is moving, in so far as it affects the taking of the picture, is really the 
speed at which the image of the object travels across the film. Obviously, the 
faster the object moves, the greater will be the displacement (or movement of 
the outline) of the image on the film and the shorter must be the exposure. 
It is obvious that the exposure which will show no movement in the photograph— 
or, as it is generally stated, which stops motion—will be less in the case of 4 
horse running than in the case of a man walking. An object traveling 4 
miles an hour, for instance, requires just one-half the exposure which must 
be given to an object traveling only 2 miles an hour. It is first necessary, 
therefore, to study the speed of movement of the object. This should include 
not only the ground distance traveled in a given space of time, but any move- 
ment in the object itself. For instance, in the case of a horse running, the 
movement of the horse’s feet will be proportionately greater than the speed 
of the horse. Also, in the case of a man running, if he rapidly swings his 
arms and it is desired to stop the movement of the arms in the picture, the 
exposure must be regulated accordingly, which will be briefer than if it be 
desired merely to stop movement in the man’s body without regard to his 
armas. In cases of the former kind it is generally advisable to expose for the 
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most rapidly moving part, and this often means the shortening by at least 
one-half the exposure required for the whole object. The experienced photog- 
rapher, in order to obtain the greatest amount of exposure possible and yet 
effectively stop all motion, will take advantage of so-called ‘dead periods” 
that are apparent in the case of some kinds of moving objects. There is often- 
times practical gain derived from taking advantage of this period of suspended 
motion, which forins a part of all reciprocal movement. Thus, when a horse 
leaps over a high bar there is a momentary pause at the height of the leap 
when he is no longer rising and has not yet begun to descend. Similarly, 
there is a “dead period” at the end of a stride in running, in the beginning 
of a stroke in rowing, and so on. To know these dead periods and to be able 
to anticipate their appearance so as to utilize them in exposure often spells 
the difference between success and failure, as the exposure during such periods 
of suspended motion can be much longer than that required for the same 
objeet if advantage is not taken of these pauses. 

c. Angle of movement of the object-—When the object is moving directly 
across the field of view, or at right angles to the axis of the lens (‘ broadside 
on” as it is sometimes expressed) it is moving at the maximum rate across the 
film. If, however, the object is moving toward the camera, it is therefore 
growing larger as it approaches the camera, and the speed of travel will not 
appear so great on the focusing screen nor will the gradual enlargement of 
the object as it approaches the camera be at a comparatively great rate of speed. 
In other words, the object passing at right angles inclines to “ fiash by ’’ whereas 
the object approaching the camera seems to be “ coming on” for an appreciable 
length of time. It therefore requires a more rapid exposure to stop movement in 
the first case than in the second. Moreover, the pictorial qualities of the photo- 
graph made at right angles to the moving object are not so good as when the 
view is toward the object as it is either approaching the camera or receding 
from it. The exposure made broadside on is based on the actual speed of 
the subject, and the “stopping of motion” from this point of view may call 
for an exposure so brief as to be really beyond the capacity of the camera 
shutter. Under such conditions the attempt usually results in either a blurred 
image or an underexposed negative. If this viewpoint is changed, the direction 
of the movement of the object is changed, as far as the camera is concerned, 
and at the same time the apparent speed of the subject is diminished. If the 
firection of the camera is shifted so that the subject approaches or recedes 
at an angle of 60°, then its apparent speed is only one-half of its actual speed 
and the length of the expoSure can be safely doubled and the subject usually 
brought within the capacity of the lens and shutter. When the subject directly 
approaches or recedes, at an angle of 10° for instance, then its apparent speed 
is one-third or one-fourth of the actual speed, and the exposure may be three 
or four times as long as that required for the broadside view. 

ad. Distance of object from lens.—It requires a more rapid exposure to stop 
movement in a case where the object is near the lens than when it is at a 
distance therefrom, as the larger image on the film will travel across it 
faster than if it were a smaller image. It therefore follows that the larger 
the image the shorter must be the exposure; and conversely, the smaller the 
image the longer may be the exposure. Assuming that the exposure at any 
given distance is known, then if the distance is half, the exposure should 
be divided by 2. On the other hand, if the distance is doubled, the length 
of the exposure should be doubled. It should be noted that this rule is con- 
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trary to the oue @pverning the calculation of the exposure in the case of near 
and distant objects that are without movement. 

e. Focal length of lens.—The focal length of the lens, as far as the problem 
in hand is concerned, governs the depth of focus and the size of the image. 
The depth of focus, or depth of field as it is sometimes called, of the lens 
is an important factor, especially when the object is nearer than general 
focus, which is ordinarily 100 feet or more away. This depth of field is 
explained fully in paragraph 75 and has been defined there as the distance 
from near to far at which an object is in focus. Obviously, then, in the 
photographing of rapidly moving objects, the object must be within this field 
in order to be clearly defined. The field is greater in the case of a lens of 
short focal length than in one of long focal length. It is also greater when 
the lens is stopped down than when it is open at full aperture. The greater 
the focal length of the lens, the larger will be the image on the plate and 
the greater also will be its apparent movement or displacement in a definite 
length of time. Hence long focus lenses demand shorter exposure than those 
of short focal length. The type of graflex camera adopted for use in the Army, 
as explained in paragraph 40, has a comparatively long extension of bellows, 
which consequently permits of the use of a lens of long focal length. The rea- 
son underlying the adoption of this type is that a large-sized image may be 
obtained of an object at comparatively great distance from it. Often it is 
impracticable to approach some objects as closely as may be desired, and yet a 
fairly large-size image is needed. 

142. Exposure in graflex work.—The factors governing the exposure in 
outdoor photography, which have been explained at length in paragraph 97, are 
applicable when a graflex or any other kind of camera is used. In addition, 
in the case of the photography of moving objects, the factors explained in 
paragraph 141 must also be taken into consideration. If there is no movement 
in the object, the calculation of the exposure when a graflex camera is used 
is exactly the same as when a view camera or any other kind of camera is 
employed. When the object is moving these same factors apply, and the prob- 
lem is enlarged by the question which must be settled as to how can as much 
exposure as possible be given and at the same time the movement in the object 
be arrested. In the case of some objects it will be found that one one-thousandth 
of a second, which is the shortest exposure possible with a graflex-camera 
shutter, is not brief enough to stop movement when the objects are near and 
are traveling at right angles to the photographer. In such a case the objects 
should be photographed at an angle. In other words, they should be at an 
angle of less than 90° from the photographer and not be too near. As ex- 
plained in paragraph 141 b, the speed with which the object is traveling must 
be studied, aS well as any movement in the object itself. Thus, the primary 
condition for success in photographing moving objects is the elimination of 
motion, and the question now under consideration is usually put: “ How fast 
must the shutter work to give a clearly defined picture of the moving object in 
the view?” Since underexposure is the bane of all focal-plane photography, it 
is wiser to learn to repeat the question in a better way, thus: ‘“‘ How slow may 
the shutter work and yet give a sharply defined picture, without blur or evi- 
dence of motion, during the exposure?” In other words, it is necessary to 
find the minimum shutter speed (or maximum exposure) permitted by the 
movement of subject. There are many rules, tables, and short cuts designed 
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to help the beginner at this point. However, anes presume’, general knowl- 
edge of the factors involved and are helpful or confusing to the beginner ac- 
cording to his acquaintance with the data on which they are based. There is 
no alternative, for at least some knowledge of these factors is explained 
in paragraph 141, and the success of the graflex operator rests upon his prac- 
tical grasp of these essentials and of the unconscious use of them. Fortunately, 
as experience will demonstrate, the factors are much less formidable in practice 
than in theory. The following table gives approximately and in round numbers 
the shutter speeds necessary to secure negatives sufficiently sharp for contact 
printing when photographing objects with a lens of about 10 inches in focal 
length: 
Exposure table 


[All objects 25 feet away unless otherwise stated] 

















| se ar | Objects mov-| Objects mov- 
gS os ing directly | ing obliquely | ing directly 
Objects and speed | toward the toward or across field 
| photographer} from camera of view 
| 
< |- —-- —— 
Pedestrians, 2 miles an hour_-____-- = eee Scene io | Léo 4 20 
Pedestrians, 3 miles an hour wi 2 Oe a eee Léo 420 480 
Pedestrians, 4 miles an hour.___-_-__-- +. ee LEo 14 60 1640 
Vehicles, 6 miles an hour es kanal 420 4940 Lg60 
Vehicles, 8 miles an hour-_-_--_-_-_---- ee S| 14 60 L4o0 Léoo 
Cyclists and trotting horses___....-.----- ~ ad 1420 Lé00 4000 
Foot races and sports.....- Sin. Ri pte whet ail 1480 14000 14 400 
2. Ree SRR A OE RP ee hy ett ee cae ; oi ete we 14200 14600 
Bicycle races, galloping horses _ _ - : SIS ae Le00 14 500 4,00 
Trains, motors, 30 miles per hour at 50 feet SC eee L400 Lé00 L600 
Trains, motors, 40 to 60 miles per hour at 50 feet__.___-_-__-_-__| L600 14200 14300 











At 50 feet the exposure may be double that reguired at 25 feet. 
At 100 feet the exposure may be double that required at 50 feet. 


Do not use a larger stop than is necessary. If compelled to use a large 
stop, focus very accurately. In setting the graflex-camera shutter it will be 
found that substantially the same amount of exposure can be obtained by 
either high tension and large aperture or low tension and small aperture. The 
first method should always be preferred. 

143. Handling the graflex camera.—a. General.—Success in the photography 
of moving objects necessitates skill in handling the camera. Unless the opera- 
tor is thoroughly familiar with the instrument and can instantly set, reset, 
or adjust it in the brief time allowed while a moving object is rapidly ap- 
proaching, it will be found that the object will have passed out of view before 
the exposure can be made. 

b. Systematic routine.—After acquiring a thorough familiarity with the 
camera in practice without film, a systematic routine should be formulated and 
followed, as with such a routine the chances of making mistakes or losing time 
will be reduced. In the photography of moving objects the mind of the opera- 
tor is usually occupied with making rapid decisions as to exposure and posi- 
tion. In fact, the operator usually will be constantly shifting his position in 
order to secure the most favorable one and at the same time adjusting the 
shutter and perhaps also the lens diaphragm to give the required exposure at 
new position. Having arrived at the place where the photographs are to be 
taken, the operator should open the camera and withdraw the protective slide 
from the magazine or film-pack adapter and place it where it can not be 
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damaged. The reflecting mirror must be down or in position before the shutter 
can be operated. In this position it protects the film or plate from light. 

(1) The following sequence of operations is recommended : 

(a) Inspect diaphragm setting, closing or opening it if necessary. 
(ob) Set mirror. 

(c) Consult exposure table. 

(d@) Set shutter to give length of exposure decided upon. 

(e) Turn revolving back if necessary. 

(f) Focus. 

(g) Make the exposure. 

(h) Change film or plate, bringing an unexposed one into position. 

(2) Immediately after making the exposure the camera should be placed 
in the following condition, which should be regarded as normal: 

(a) Diaphragm set at f-8. 

(6b) Mirror down. 

(c) Shutter set. 

(d) Lens in center, if rising front has been used during preceding 
exposure. 

(e) Revolving back in horizontal position. 

oc. Focusing the camera.—From the fact that the focusing knob of the camera 
is on one side and the exposure release on the other and the right hand is over 
one and the left hand over the other, the beginner is apt to believe that it is 
possible to focus on a moving object while it is some distance from the lens 
and maintain a sharp image on the ground glass up to the moment of exposure. 
This is not practicable and if done the photographs will show a lack of sufficient 
definition, especially if a large lens aperture is used. It is therefore the best 
practice to select a point in the path of the approaching object and take sufficient 
time to focus very carefully on this point. If the point selected is near and 
the focus is desired for as large an area as possible around the point, the lens 
should be stopped down to the smallest diaphragm opening at which the 
exposure required can be made. The point should always be to one side or 
to the other of the operator for the reasons stated in paragraph 141 c. The 
eyes should be kept to the hood until they have become accustomed to the 
darkness thereof; the image should be focused on the screen without uttempt- 
ing to see through the screen. In composing the view the ruled lines on the 
screen must be observed. It must be borne in mind that the screen is approxi- 
mately 5 inches square, while the photograph is only 4 by 5 inches, but that 
by the use of the revolving back the long side of the picture may be the hori- 
zontal or the upright one. If horizontal, the full width of the screen can be 
taken, but the half-inch-wide strips at the top and at the bottom, which are 
equal in width to the squares in the four corners, must not be considered. 
Again, if the revolving back is upright the full width of the screen from top 
to bottom should be taken, but on each side will be a half-inch-wide strip of 
the width of the corner squares, which must not be considered as included in 
the picture. These corner squares are sometimes called patches and are some- 
times completely covered by color. 

d. Allowing for release of mirror.—Pressure of the exposure lever first re- 
leases the mirror, which is drawn by a spring to the top of the camera, and 
immediately it is in that position it releases the shutter. The period of time 
elapsing from the release of the mirror to the operation of the shutter is usually 
reckoned as about one-fifth of a second. In many cases this period of time need 
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not be considered. However, it must be taken into calculation in the cases 
of rapidly moving objects, for one-fifth of a second may determine whether the 
object is properly spaced on the film or even recorded anywhere on the film. 
The beginner, therefore, should not be surprised when in the first attempts at 
photographing ultra-speed objects the object is not caught on the plate, due 
to failure to press the exposure lever sufficiently in advance to allow the curtain 
aperture to cross the focal plane at the exact instant the image is properly 
spaced on the film. This is analogous to the shooting of a bird on the wing, 
which requires that the discharge of the gun be timed so as to allow the bird 
to run into the bullet. 

e. Near objects—aIn the photography of moving objects the presence of a 
number of spectators and the observance of police restrictions may frequently 
make the finding of the most suitable camera position difficult, as often persons 
or objects will seriously obstruct the view. When a better position can not 
be obtained, a clear view may often be secured for the camera by holding it 
above the heads of the spectators; in other words, operating it upside down. On 
other occasions it may be found desirable to operate the camera while holding 
it on its side. 

f. Shading the lens.—When the photographer’s mind is filled with thoughts 
as to how to steal the desired camera position and obtain the best view, he 
may become unmindful of the position of the sun and of the fact that its rays 
may be entering the lens directly or by reflecting from some object. Often 
these rays may be shaded from the lens by means of the protective slide of 
che magaz‘ne or adapter, a hat, or other suitable object. 

g. Height of camera.—The use of the focusing hood requires that the camera 
be held waist high, and when a photograph is taken at this height the angle 
of view of the lens is very different from that of the eyes of the operator. This 
fact must be constantly borne in mind and an allowance made therefor. The 
waist height will include more foreground than will be apparent to the opera- 
tor. Under the circumstances mentioned in e above, the camera will sometimes 
be operated overhead and upside down, or while it is turned on its side. When 
held in these unusual positions it will be found that, due principally to the 
absence of the body to steady the instrument, it will not be possible to hold 
the camera without movement as readily as in the normal position. To offset 
the possible effect of the movement of the camera during exposure, a more 
rapid exposure should be made when the camera is held in these abnormal 
positions. 

h. Releasing shutter—As stated above, the normal position of the camera is 
at waist height, the left hand holding it near the release lever and the right 
hand near the front focusing knob and the back of the camera pushed against 
the operator’s body. The lens must be steady during the moment of exposure. 
The movement of it will cause blur or lack of definition in the photograph. 
The camera should not, therefore, be gripped so that there will be convulsive 
tightness, shaking, or tremor from the tension of the operator’s muscles. On 
the contrary, it should be held steady and much after the manner prescribed 
for properly holding a rifle. The release should be slowly and deliberately 
pressed and not jerked or pressed down spasmodically. The instructions gov- 
erning rifle shooting are in a large measure applicable here. Immediately be- 
fore making the exposure, the operator should take a deep breath and let out 
half of it so that the lungs will be partially filled and the diaphragm of the 
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body without movement. The camera should be braced against the body and a 
comfortable steady posture taken. 

144. The speed graphic camera.—a. While embodying many of the valuable 
features of the graflex camera, the speed graphic camera is built more along 
the lines of a hand camera. In its present form it is used in the photography 
of moving objects, for newspaper work in general, and in many cases for gen- 
eral photographic work. This camera is equipped with a base, fitted with a 
tripod screw socket, a lens bracket base with sliding arms, fitted with ratchet 
gears for focusing, and a fixed focusing scale accurately adjusted for the lens 
with which the camera is equipped. These cameras are usually fitted with a 
lens “in barrel’, or without a lens shutter. 

b. The shutter in the speed graphic camera is of the focal plane type and 
similar to the shutter of the graflex camera. The shutter speeds are the same, 
the only practical difference being in the method of releasing the shutter to 
make the exposure. It is “set” in the same manner as is the shutter in the 
graflex camera, but it is released by pressure of a small lever on the side of the 
camera or by a cable release attached to this small lever. 

c. The back of the speed graphic camera is equipped with a ground glass 
fitted into the focal plane. A metal flap in the back of the camera may be 
opened to expose this ground glass. The sides of this metal flap are connected 
to the back of the camera by flexible opaque blinds which when the flap is open 
act to exclude light from the surface of the ground-glass focusing plate in the 
focal plane. However, for an operator whose eyesight is not of the best or 
under conditions of extremely brilliant light the use of a focusing cloth is ad- 
vised. Ordinarily the camera may be set for exposure by the use of the focus- 
ing scale and not by the use of the ground-glass back. 

d. The view finder of the speed graphic camera is of the direct-vision type. 
This is a small rectangular frame in scale to the shape and size of the plate or 
film used in the camera, fitted to the top of the camera, and when not in use 
held flat in place by a small metal clip. When required for use the view finder 
is released and a small spring causes it to rise to an upright position, and at 
the same time a small metal pointer, whose point is exactly in line with the 
center of the view finder, rises also. This finder is fitted with a small rec- 
tangular glass with one concave and one convex surface which covers more of a 
field than one with a flat surface and with less distortion. This glass is crossed 
with one line through the horizontal center and one line through the vertical 
center. It will readily be understood that when the glass frame and the metal 
pointer are in an upright position a line projected will indicate the exact center 
of the image to be photographed. At the same time the eye is able to grasp 
the full details of the balance of the image field to the limits inclosed by the 
frame of the view finder. 

e. The lens equipment of the speed graphic camera is generally one working 
at a speed of f-4.5 at full aperture. This lens with the high focal plane shutter 
speeds permits of the photographing of all speed events, as racing, driving, 
jumping horses, etc. In ordinary photography the aperture may be reduced toa 
point suitable to secure the definition desired and the shutter speed reduced 
accordingly. 

f. Standard plate or cut-film holders are furnished for this type of camera, 
or a film pack may be used with a film pack adapter. It may also be had 
fitted with a back permitting the use of a plate or cut-film magazine designed 
to hold 12 plates or cut films. 
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- g. The speed graphic camera is made of steel, brass, and seasoned wood and 
covered with leather, the whole being finished in black and fitted with a leather 
handle. Equipment consists of a leather-carrying case to hold the camera and 
six plates or film holders. 

145. Operation of the speed graphic.—a. This camera may be held in the 
hands or set upon a tripod in the regular manner. It is opened for use by letting 
down the baseboard and drawing out the upright lens support to its proper 
position. The focusing is done from the back of the camera with the aid of a 
focusing cloth to exclude light from the ground glass. In this case the focal- 
plane shutter must be set at the open position, indicated on the scale by O, 
while the image is being focused and composed on the ground glass. When 
focusing has been satisfactorily completed the camera should be firmly locked 
in position and the focal-plane shutter set at the estimated speed for the ex- 
posure. Exposure is made in the regular manner, the shutter being tripped 
by pressure of the small lever on the side of the camera at the opportune mo- 
ment. The dark slide must be immediately replaced in the plate or film holder 
following exposure, for if the shutter is reset while the slide is out the exposed 
plate or film will be exposed to light and ruined. This condition may be ob- 
viated by equipping the camera with a ‘“ between-thelens” shutter, which 
renders the camera infinitely more valuable for general photographic work 
than with its regular equipment of lens only. Equipped in this manner the 
camera may be used as a kodak and focused by means of the view finder 
exclusively; as a hand camera with tripod and focusing cloth, when nearly any 
class of photographic work May be attempted; and as a high-speed camera, 
when it may be utilized in photographing all classes of speed work. When the 
speed graphic camera has been equipped with an additional shutter of the 
between-the-lens type and is used for speed photography the “ between-the-lens ” 
shutter must be set at “open” or time exposure and left in that position 
throughout the work, the exposure being made by the focal-plane shutter. When 
the camera is to be used as a kodak, or for general photographic work not re- 
quiring excessive shutter speed, the exposures may be made by the “ between- 
the-lens”’ shutter and the focal-plane shutter should be left at the “open” 
position. 

b. Some of the advantages of the speed graphic cumera are light weight, con- 
venience in operation, the advantage of securing photographs made as seen by 
the operator, “at the height of the eye,” whether the camera is mounted upon 
the tripod or held in the hands. 

co. An ideal equipment of this type of camera is as follows: 

(1) Speed graphic camera of required size. 

(2) Leather case for camera and holders. 

(3) Six plate or cut-film holders. 

(4) Focusing cloth. 

(5) Light filter, Ingento series A, to fit the barrel of the lens. 

(6) Tripod, Crown No. 2. 

A desirable lens is the Cooke, series 2, of the proper focal length, speed 
f-5.6, mounted in an Ilex, Acme shutter, with speeds to one three-hundredth 
part of a second. This shutter speed will take care of nearly all photographs 
excepting those of rapidly moving objects requiring the higher speeds of the 
focal plane shutter, to which the change is made by opening the leng shutter 
to the open position, using the focal-plane shutter as directed. 


101 


TM 2170-5 
145-146 AIR CORPS 


d. Another addition to the equipment of this type of camera is the installa- 
tion on the side of the upright lens support of a mirror view finder of the 
proper size to correspond with the plate surface. This is to be used when 
the camera is held in the hands and to photograph an object near the ground, 
where it would be difficult to mount the camera upon a tripod without being 
compelled to tilt it at too great an angle. With this added equipment this 
camera is undoubtedly the nearest approach to an “all-around” instrument 
which has been devised by any manufacturer, and is available for general 
photographie work, indoors or out, speed work, and may be also used for 
portrait work by an operator familiar with that method of reproduction. 
The upkeep of this type of camera is simple. The lens should be kept clean, 
the gears and track lightly oiled, the interior of the camera kept free from 
dust, and the leather covering rubbed with an oiled cloth to keep the leather 
in a soft condition and to remove spots. 

146. The kodak camera.—u. The kodak is a readily portable type camera, 
small and compact, folding, light in weight, consisting of a small, light metal 
framework, a folding bellows, a lens mount with lens and shutter, and a 
detachable back for the insertion and removal of roll films. These instruments 
are made in varying sizes, from one less than 2 inches square in film area to 
one whose film area is 5 by 7 inches. The sizes in general use in the Army 
are the 31%, by 4% inch kodak, sometimes referred to as the quarter-plate 
size, and the 314% by 5% inch or post-card size. A kodak of the 34 by 44 
inch size, fitted with a Goerz Dagor lens, in Ilex Acme shutter, to one three- 
hundredth of a second exposure, focal length less than 5 inches, focused at 
about 30 feet, which in the case of this sized camera may be termed as infin- 
ity, will when stopped to f-11 or f-16 give perfect definition to the limits of 
the picture. This makes for very sharp negatives, which will permit of ex- 
tensive enlargements being made from them. - Contact prints made from these 
will be full of sparkling detail and brilliancy assuming, of course, that they 
have been properly exposed and developed. It is also an ideal size for the 
making of contact lantern slides, as the size is almost the same size as the 
lantern slide and in using the original negative for slide making nothing of 
the detail is lost. 

b. The operation of the kodak is very simple. To open, the base falls down 
when a spring is pressed and the lens is drawn out to the point of infinity 
indicated on the focusing scale. If it is desired to record an object nearer than 
that point, the distance to the image is estimated in feet and the lens is racked 
out to the point indicated on the scale for that distance. The exposure is then 
computed, the shutter set for the estimated exposure and the exposure made. 
Following the exposure, the section of the film which has been exposed is rolled 
up until the next number appears on the red window in the back of the kodak 
which indicates that a fresh section of film is ready for exposure. General 
directions which cover the operation of the instrument are supplied with 
each one delivered, and an operator familiar with general photographic work 
will have little difficulty in mastering the details of this camera. The kodak 
has proved to be of great value in military photography. During the World 
War thousands of negatives were made with kodaks. It is used successfully 
for news work and by newspaper correspondents throughout the world. Every 
photographer should be trained in the use of the kodak, as it may be the means 
of securing at some time very valuable negatives which would otherwise be 
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lost owing to the difficulty of installing a heavier instrument in some precarious 
location. 

147. Training course.—In Section III the construction and operation of the 
graflex camera and accessories were explained, and it is assumed that the 
student before beginning the training prescribed in this section has become 
familiar with the construction of and dexterous in the operation of the graflex- 
camera outfit. It is also assumed that previously the student has mastered the 
subject matter of Section IV relating to photographic optics. The purpose of 
the preceding paragraphs of this section is to explain fully the kind of photo- 
graphic work for which the graflex camera is designed and to teach the proper 
performance of this work. In the paragraph that follows, practical photo- 
graphic exercises will be given for the purpose of not only emphasizing the im- 
portant points in the text of this section, but likewise to enable the student to 
develop skill in speed photography. ‘The exercises are intended for the use 
of the graflex as a hand camera in outdoor photography and are of two general 
kinds, namely, the outdoor photography of still objects and the outdoor photo- 
graphy of moving objects. 

148. Instruction procedure.—a. Photographing still objects with grafler 
camera.—(1) See paragraphs 40, 42, 43, 45, 78, 79, 81, 82, and 84. 

(2) With a graflex camera make 12 photographs of such objects as the fol- 
lowing: Buildings, streets, distant views, groups of persons, close-up views of 
individuals, airplanes, automobiles, ete. | 

(3) Make a complete record of the exposure data. 

(4) Develop and otherwise finish the films or plates and when dry study the 
negatives in connection with the cause of any failures due to exposure, develop- 
ment, or otherwise. | 

(5) Make one contact print from each negative. 

(6) Write a detailed criticism of each print, giving the exposure, developing, 
ind printing data, and state fully how in the taking, development, or choice 
of the camera viewpoint, or in all three, improvement could have been made, 

b. Photographing moving objects with the grafler camera.—(1) See para- 
graphs 80 to 84. 

(2) With a grafiex camera take 12 photographs of various objects in motion, 
such as the following: 

(a) A man walking. 

(6b) A man running. 

(c) An automobile coming directly toward the photographer. 

(d@) An automobile from a distance of 12 feet, as it passes the camera. 

(e) An automobile from a distance of 12 feet, to be taken from an angle 
of 45°. 

(f) A man swinging a piece of rope. 

(g) A man jumping rope. 

(h) An automobile moving at least 15 miles an hour, to be taken from 
an angle of 20°. 

(4) An automobile moving at least 15 miles an hour, to be taken from 
an angle of 35°. 

(j) An automobile moving at least 15 miles an hour, to be taken from 
an angle of 60°. 

(k) An automobile moving at least 15 miles an hour, to be taken from 
an angle of 90°. 
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(1) An automobile moving away from the camera at a speed of at least 
15 miles an hour, to be taken from an angle of 60°. 

(3) Make a complete record of the exposure data, including speed of sub- 
ject, distance from camera, and angle at which moving, with reference to the 
camera. 

(4) Develop and otherwise finish the films or plates and when dry study the 
negatives in connection with the record of the exposure data and endeavor to 
determine the cause of any failure due to incorrect taking, exposure, develop- 
ment, or otherwise. 

(5) Make one contact print from each negative. 

(6) Write a detailed criticism of each print, giving the exposure, develop- 
ing, and printing data; description of the subject, including the rate of travel; 
distance from camera and angle at which taken; and state fully how in the 
taking, developing, or in the selection of the viewpoint, or in all three, im- 
provement could have been made. 
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149. The chemistry involved in photographic work.—Most substances are 
combinations of what are called elements. Element is the word used to describe 
the simplest known form in which matter appears, or into which chemists are 
able at the present stage of scientific development to reduce matter. There 
are about 80 elements, and they combine in definite proportions and form great 
numbers of substances of fixed composition, which are termed compounds. 
Silver bromide is a chemical compound composed of two elements, namely, 
silver and bromine. By means of such agents as light, heat, and acids the 
composition of compounds can be changed—that is, the elements present in 
them can be released—and each element can be collected separately or can 
be made to unite with other elements present and form new compounds. Dur- 
ing exposure the silver compound in a photographic emulsion is changed by the 
light to an entirely different substance, and thus natural or artificial light is 
one of the most common agents used in photography for changing the nature of 
compounds. Other chemical changes in photographic work are accomplished 
by the use of other compounds, including acids. These substances are added 
to water in certain exact quantities and in a certain order so as to make what 
are called photographic solutions. Common examples of such solutions are 
the developer and the fixing bath. During exposure the light changes the 
silver compound in a photographic emulsion to another compound, and this 
Second compound is changed by the developer into black metallic silver. Fur- 
ther changes in the remnant of the original silver compound in the emulsion 
which was not affected by the light during exposure are accomplished in the 
fixing bath. 

150. Scope of the present course.—There are many solutions used in photog- 
graphy in addition to the developer and the fixing bath, and the purpose of 
this course is to teach the preparation of all the solutions ordinarily used in 
military photography. At the outset this requires sufficient instruction re- 
garding the various chemical compounds employed in photography. These 
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are usually referred to simply as chemicals. They are some of the photog- 
rapher’s tools, and the photographer, like the mechanic, must know how to 
use his tools. The training required should embrace more than a mere 
memorization of the names and acquirement of knowledge as to the appearance 
of the chemicals and as to the proper methods of handling and keeping them. 
The use of the apparatus necessary in weighing and measuring the chemicals 
when preparing the solutions must also be learned. This includes skill in 
the handling of the different balances and scales and application of a work- 
ing knowledge of the standard systems of weighing dry substances and of 
the standard-size containers for accurately measuring liquid chemicals. This 
instruction, however, should not be given until after a suitable foundation 
of a kind that will enable the student to prepare and use photographic solu- 
tions intelligently has been laid. The beginner in this phase of photographic 
work must acquire at the start thorough understanding of the effects of the 
various solutions, so that whenever occasion arises he will be able to detect 
and correct, if possible, any mistake he may have made in the preparation 
of a solution or otherwise be able to modify a formula so as to accomplish 
the end sought. This course in photographic chemistry will therefore explain 
the nature of the photographic emulsion and the nature of gelatin. A clear 
understanding of both is necessary before the reasons underlying the per- 
formance of certain operations in a certain way can be learned. The course 
will also teach the various names and characteristics of photographic chemi- 
cals; the correct method of handling and storing them; the proper perform- 
ance of the common operations in the chemical mixing room of a photographic 
laboratory; the meaning of photographic formulas; the weighing and measur- 
ing of substances; and the preparation of each of the principal photographic 
solutions, including an explanation of the functions of the constituent chemicals. 

151. The photographic emulsion.—a. The materials used in photography 
that are sensitive to light consist of photographic papers, films, and plates. 
On each of these there is a coating of gelatin in which silver bromide, or 
silver chloride, in an extremely fine state of separation is held in suspension, 
the silver particles being very fully and evenly scattered throughout the layer. 
This coating of gelatin and the silver salt is called an emulsion. It is made 
by soaking the gelatin in cold water until it is swollen, then adding warm 
water and gently heating until all the gelatin is completely dissolved. Potas- 
sium bromide or sodium chloride is then dissolved in this solution. Then to 
this solution of gelatin and bromide, or chloride, a solution of silver nitrate 
is added. The addition of the silver nitrate solution produces a precipitate 
of a silver salt (either silver bromide or silver chloride, depending upon 
whether potassium bromide or sodium chloride was added to the gelatin) which 
is sensitive to light. On this account the silver nitrate solution is always 
added in a dark room, and all subsequent operations necessary in the making 
of the film, plate, or paper are performed in such a place. If there were no 
gelatin in the solution, the silver compound formed when the silver nitrate 
is added would settle to the bottom of the container and an emulsion would 
not result. The gelatin prevents this settling and keeps the silver compound 
suspended generally so that as the silver is added, little by little, the gelatin 
becemes full of the precipitated silver salt, which is evenly distributed through- 
out the solution. This emulsion is now coated on a support, such as paper, 
celluloid, or glass, and then cooled. The gelatin first sets to a jelly and 
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then dries in the form of a smooth coating in which the sensitive silver com- 
pound is suspended. 

b. Negative-making materials, such as plates and films, always contain silver 
bromide, with a small quantity of silver iodide. Different degrees of light 
sensitiveness are obtained by varying the temperature and length of time heat 
is applied during the manufacture of the emulsion, the most sensitive emulsions 
being heated to higher temperatures and for a longer period of time than the 
slower emulsions. 

c. If a slow, silver bromide emulsion is coated on paper, the material is 
known as “ bromide paper” and it is used for the making of enlargements. 
The less sensitive papers, which are commonly used for contact printing by 
artificial light, such ag Velox paper, contain silver chloride instead of silver 
bromide. 

152. The nature of gelatin.—The gelatin used to hold the light-sensitive 
silver compounds, or salts, is a very complex substance that is obtained from 
the bones and skins of animals. It has odd and valuable properties. In cold 
water it does not dissolve, but swells, and instead of the gelatin dissolving in 
the water, apparently the water dissolves in the gelatin. If the gelatin thus 
swollen is heated it will liquefy. As more gelatin is added the solution becomes 
thicker. When a gelatin solution is heated it becomes thinner, but it will 
thicken again when cool. However, when cooled it will not separate from the 
solution in a dry state, but the whole solution will “set” to a jelly. If the jelly 
is heated again it will melt, and a jelly can be melted and reset many times. 
When a gelatin jelly is dry it shrinks down and forms a horny, glassy layer 
of the gelatin itself, which is not only smooth but also rather brittle. This 
dry gelatin when placed in water will at once absorb the water and swell up 
again to form a jelly. When a photographic material with an emulsion made 
of gelatin is placed in water, the film will swell and continue to absorb more 
water, becoming soft and even dissolving if the temperature of the water is 
high enough. Under ordinary conditions no difficulty is experienced by the 
photographer on account of the softening of the gelatin, but when photographic 
materials are placed in water, or in solutions that are at a high temperature, 
extreme care must be taken in handling the materials in order to avoid injuring 
or dissolving the soft gelatin layer. Therefore, all baths or solutions in which 
photographic materials are placed should be at the same and sufficiently low 
temperature, in order to avoid the sudden contractions or expansions of the 
gelatin which may result in dissolving or detaching the emulsion from its 
support. 

153. Photographic chemicals.—There are a large number of chemicals used 
in photography, and to the beginner, unused to what seems strange names that 
are difficult to remember, a complete list of the chemicals used in photography 
would seem much longer than it really is; therefore, to make the problenr as 
easy and as practical as possible, consideration of the photographic chemicals 
will be confined to those listed on the table of allowance of an Air Corps 
photographic section. While the names of the chemicals could be memorized 
from an alphabetical list, the task is less difficult if the name of a chemical is 
associated with its use in photography. In fact, this practice will assist the 
Memory in recalling the name. The important facts concerning each phoeto- 
graphic chemical are correct name, general appearance, solubility, proper 
Method of handling, and proper storage. 
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154. The names of photographic chemicals.—Some of the chemicals are 
known by several names, and therefore the common name for each substance 
should be remembered. The chemicals are supplied properly labeled, and it 
is best to keep them in the bottles or containers in which they are furnished, 
making sure to see that the label is always securely attached to the container. 

155. General appearance of photographic chemicals.—Some chemicals have 
distinctive appearances that can be easily remembered, but others have the 
Same general appearance which makes obvious the necessity of always Keeping 
all chemicals properly labeled. These distinctive physical characteristics may 
be peculiar colors and shapes of crystals in the case of solids, or distinctive 
colors, smells, and apparent heaviness or lightness in the case of liquids. 

156. Solubility of chemicals.—A certain quantity of water will only dissolve 
a definite amount of chemicals. When this amount has been reached further 
additions of the chemical will not dissolve at all, as the water has become 
saturated with the chemical and what is known as the saturation point has 
been reached. The amount of a chemical that can be dissolved in a certain 
quantity of water will depend upon what the chemical is. With some chemicals 
it is possible to make a solution in water that will contain a very large per- 
centage of the chemical, and with other chemicals the saturated solution will 
contain only a small percentage of the chemical. This is one of the character- 
istics of every soluble substance. The reasons underlying this variation in the 
degrees of solubility are not in every case thoroughly understood. 

157. Care exercised in handling chemicals.—Some of the chemicals used 
in photography are poisonous and therefore should never find their way into 
the mouth by way of the hands. Others are of a kind that should never be 
handled or even allowed to come into contact with the hands. 

158. How chemicals should be stored.—As already stated, chemicals are 
some of the tools of the photographer and obviously unless they are kept 
properly they should not be expected to do satisfactory work. As a general 
rule, all chemicals should be kept in closed containers, at least for the pur- 
pose of keeping dust or dirt out of them, but usually to prevent them from 
absorbing oxygen from the air (oxidizing) and thus changing to another sub- 
stance unusable in photography. A _ glass-stoppered bottle is ordinarily the 
best kind of container for any chemical, as it can be kept both clean and 
air-tight. It is imperative that certain acids be stored in such bottles. For 
some other kinds of liquids, and for many solids used, a good, tight-fitting 
cork-stoppered bottle will prove satisfactory. A narrow-necked bottle may be 
used for liquids, but a wide-mouthed bottle is preferable for solids. A peculiarity 
of some solids is that they absorb moisture from the air and become moist or 
semiliquid, such action being called deliquescence. Still other solids, when 
supplied in a crystallized form, give off the water of crystallization (which is 
the water that the substance when dry has combined with to form crystals), 
and this action is known as efflorescence. Still other crystallized substances 
oxidize and over the surface of the crystals an entirely different compound 
is formed. 

159. Preparing photographic solutions.—The preparation of photographic 
solutions comprises the selection of a suitable formula, obtaining the chemi- 
cals called for by the formula, weighing or measuring them in the required 
quantities, and dissolving them in the water or other liquid in the proper 
manner so as to obtain the necessary stock or working solutions. 
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160. The photographic formula.—a. To prepare a photographic solution it 
is necessary to have a formula for such a solution. This may be stored in the 
photographer’s memory, but if the solution calls for a number of chemicals 
in exact amounts, it is safer not to depend upon memory but to have a writ- 
ten copy of the formula as a guide for the operations necessary to prepare 
the solution. A photographic formula is similar to a physician’s prescription 
or a housewife’s recipe. The ingredients are listed on one side of the page, 
and opposite each on the other side is the amount to be used, expressed accord- 
ing to a standard system of weights and measures. The following is a photo- 
graphic formula of a kind the student will be expected to understand and to 
know how to prepare the solution called for by it: 


Metol-hydroquinone developer for contact printing papers, stock solution 


Sodium sulphite (desiccated) -___._--________________ 350 grains. 
Metol (or BION) ose 52 eee ec ees ese 25 grains. 
FIV Groquinone oo eee 36 grains. 
Sodium carbonate (monohydrated)______._______-_---_ 260 grains. 
Potassium bromide (granular) ---____----__---___-- 8 grains. 
Potassium bromide (saturated solution) ____.___--___- 16 minims. 
WV OCC 16 22a 6 ie a 16 ounces. 
For use 
Stock Soition =.22 2 on es er Le ees 1 part 
VN CO ee ee et 2 parts 


b. The formula above given is called metol-hydroquinone developer. Develop- 
ers in photography usually receive their numes from the developing agents 
contained in them; other solutions, from the principal ingredients or the pur- 
pose for which the solution is intended. In this case the developing agents are 
metol and hydroquinone. In addition to the title, it is sometimes the practice 
to indicate the purpose of the developer, as there are a number of such solu- 
tions. The purpose of the one under consideration is the development of contact 
printing paper. 

161. Stock solutions and working solutions.—A stock solution is a concen- 
trated solution—that is, the minimum quantity of water is taken when it is 
prepared, so that when it is used it is diluted with water according to the 
directions. The solution as diluted is called the “ working solution.” Solu- 
tions are made concentrated in order to save labor in preparation as well as 
to economize in the number and size of containers, as it is obvious, for 
instance, that a given quantity of a stock solution that must be diluted equally 
- With water will last twice as long as the same quantity of a solution prepared 
ready for use. Moreover, the concentrated solution may be cooled or heated 
to the required developing or working temperature by being diluted with water 
of a temperature that will effect this. However, when small quantities of a 
solution are prepared for immediate use and it is not desired to store such a 
solution, a working solution is usually put up. Therefore, when about to use 
any solution it must be noted whether it is to be used as prepared or whether 
it is to be diluted. In the case of the formula in hand, the directions 
for use call for one part stock solution to two parts water, and the dilution 
thus called for should be made immediately before use. 
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162. The meaning of “part”? and “ volume,””—A “ part,” strictly speaking, 
means any desired proportion of a solid, and a “ volume” means any desired 
quantity of a liquid. However, in practice a part may apply to both solids 
and liquids and mean anything from a grain to a ton or from a minim to a 
gallon, as long as the other quantities are reckoned in the same units of weight 
or volume. A formula when given in parts simply means that each ingredient 
should be taken in the proportions specified. These proportions may be meas- 
ured by either of two methods—by weight or by volume. However, the method 
adopted must be applied to each ingredient. Sometimes the quantities of all 
ingredients in a solution are called for by the formula in parts, and the formula 
may include both solid and liquid constituents. In such cases the liquids 
should be weighed and not measured. In weighing a liquid, of course, allow- 
ance should be made for the weight of the bottle or container. 

163. Forms of solid chemicals.—a. In studying the formula embodied in 
paragraph 160 it will be noted that after the words “sodium sulphite” the 
word ‘“ desiccated”? appears and after “ sodium carbonate,” “ monohydrated,” 
and after ‘“ potassium bromide,’ the word “granular.” Solid chemicals— 
that is, those not in a liquid or gaseous state—come in various forms, and in 
one there is more of the chemical than in another form, and therefore it is 
stronger. If the solid comes only in one form or if a variation of strength is 
immaterial, it is not customary for the formula to specify the form of the solid, 
although it is better practice to designate it. The forms of solid photographic 
chemicals are— 

(1) Crystallized or crystalline. 

(2) Granular. 

(3) Desiccated, or dry. 

(4) Monohydrated. 

(5) Anhydrous. 

b. When “ crystallized’ or “ crystalline”? the solid is in the form of crystals. 
If a solid in dry form is dissolved in water and then most of the water evap- 
orated from the solution by heat so that what remains contains a great deal 
of the solid, and this saturated solution is then allowed to evaporate completely 
but slowly by exposure to air, the solid would deposit itself in the bottom and 
along the walls of the container in the form of crystals, which would always 
take a size and shape peculiar to the particular substance. The water from 
the solution thus used by the solid in forming these crystals is known as the 
water of crystallization. As a chemical in this form thus contains water, it 
is obviously not so strong as when it is in the dry state and is without such 
water of crystallization. 

c. “Granular” means in the form of grains or granules, as table salt is 
usually found to be. These grains are really tiny crystals, so that a solid in 
granular form is of the same strength as one in crystallized form. : 

d. ‘“Desiceated ” means dry. 

e. “ Monohydrated ” is a state of the solid midway between dry and crystal- 
lized—that is, it contains less water of crystallization than the crystallized 
form but has more water than when in the dry form. 

f. “Anhydrous” means absolutely without any water of crystallization what- 
ever. This is the strongest form of a solid. 

g. It may occasionally happen that a formula will call for desiccated sodium 
carbonate when there is only this ingredient in crystallized form in stock, or 
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vice versa, and as it is necessary that the carbonate in a developer be accurately 
measured and of known strength, the relative strengths when in different forms 
of sodium carbonate and substitutes therefor must be known. The following 
table gives this information: 


Sodium carbonate: 


PTV VT US go ee ee ot Set St __. 1.00 

MouOnY Fated 222253 eo a ea a Sees Ge eee eoee ees 1.11 

SE a i a ee ta 2. 69 
Sodium hydroxide—caustic soda, sticks (only form) -—-_-_------_------_-- Td 
Potassium carbonate: : 

ADV OtOUS= 22262). Soe eet ete ee et ee ele 1. 30 

MORON YCOTRUCC Si ots a re i ie ee 1. 63 
Potassitim NVdrOX10G o2o se i eee i ee ee 1. 05 
Ammonia (specific gravity 0.808—most concentrated form) ~__________-- 32 


Using the information in this table in the case of a formula calling for 1 
ounce of sodium carbonate (anhydrous), when only the monohydrated form 
is in hand, it will be noted that it would be necessary to substitute 1.11 ounces 
of monohydrated carbonate for anhydrous carbonate, or of sodium carbonate 
(crystallized) 2.69 ounces, or of sodium hydroxide 0.75, or three-fourths ounce. 

164. Systems of weights and measures.—In this country avoirdupois 
weights are used in the weighing of solid photographic chemicals and a certain 
set of measures, hereinafter explained, for the measurement of liquid photo- 
graphic chemicals. The metric system, however, is coming into use, and often 
formulas will be found in that system. 

165. Avoirdupois weight.—The avoirdupois weights used in the weighing of 
solid photographic chemicals are as follows: 


2744 grains (grs.)=1 dram (dr.) or drachm (drm.) 
16 drachms (drms.)=1 ounce (oz.) =437% grains (grs.) 
16 ounces (0z8S.) =1 pound (Ib.) 

4 ounce (0z.) =110 grains (grs.), approximately 


166. Fluid measure.—The following measures are used in measuring liquid 
photographic chemicals: 


60 minims (mins.) =1 dram (dr.) or drachm (drm.) 
8 drachms (drms.)=1 ounce (oz.)=480 minims (mins.) 


4 ounces (02S.) =1 gill 

4 gills =1 pint (pt.)=16 ozs. 

2 pints (pts.) =1 quart (qt.)=32 ozs. 

4 quarts (qts.) =1 gallon (gal.)=128 ozs. 


167. Metric system.—a. The following are the units and equivalents in 
avoirdupois or fluid measure of the units of the metric system involved in 
photographic work: 


Centimeter =0.3937 inch 

Meter =3.28 feet=39.37 inches 

Inch =2.540 centimeters 

Cubic centimeter=%o fluid ounce (approximately) 
Milliliter =0.0338 liquid ounce 

Liter =1.057 quarts (liquid) 
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Ounce =29.57 milliliters 
Quart (liquid) =0.946 liter 
Gram =15.43 grains 
Kilogram =2.205 pounds (avoirdupois) 


b. For ordinary mental comparison it is convenient to know the following 
approximate equivalents: 


1 meter =40 inches 
1 liter =1 quart (liquid) 
1 kilogranr =2¥% pounds 
30 grams =1 ounce (avoirdupois) 
1 gallon =4 liters 


c. The system of weights and measures called for by the formula should 
be noted, and if necessary the formula should be restated in terms of the 
system to be used and for which the necessary equipment is available. In 
converting from one system to another great care must be used. It is a 
good plan before beginning to weigh or measure any of the ingredients to 
convert the entire formula at one time to the system that is to be used. 
It is usually accurate enough to regard an ounce as equivalent to 440 grains. 
This permits of its easy division into one-fourth (110 grains), one-half (220 
grains), or three-fourths (330 grains). 

168. Bottles and other containers.—a, For the purpose of illustrating the 
usual operations in the preparation of a photographic solution it will be 
supposed that a developer according to the formula embodied in paragraph 
160 is to be made. At the outset, obviously some kind of bottle or similar 
container must be procured. As it is necessary to stir the water while adding 
the ingredients, a wide-mouthed container such as a graduate, tank, bucket, or 
the like is the best form of vessel in which to mix. When the solution is 
completed it can be transferred to a bottle for keeping. Whatever kind of 
vessel is selected for mixing it should of course have sufficient capacity to hold 
the full quantity of the photographic solution. It will be noted that the 
formula in hand calls for a solution that will not exceed 16 ounces. Any 
container, therefore, that will hold as much as that amount will be satisfactory. 
Some formulas call for a given amount of water in addition to 'the solids. To 
determine roughly whether the container selected will be large enough, count 
the ounces of the solids as equivalent to fluid ounces and grains as equal 
to minims and then add them to the amount of water called for. In cleaning 
an open or large-mouthed vessel no difficulty will be experienced, as_ the 
operator will be able to insert his hand holding a cloth or brush. In the case 
of bottles the secret of keeping them clean is to wash them immediately that 
they are emptied, as this will prevent remnants of solutions drying inSide. 
It is good practice also to have a supply of clean bottles in the laboratory 
ready for use. If water does not clean the bottle at once, try shaking a little 
hydrochloric acid in it; and if this is not effective, add some shot, small gravel, 
coarse sand, or some similar substance that will scrape the impurities from 
the bottom and sides of the bottle, to the hydrochloric acid and shake vigorously. 
If this fails, discard the bottle. Bottles are usually plentiful enough to obviate 
the necessity of running any chance by using one that can not be thoroughly 
cleaned. 
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b. The cork or stopper used for the bottle should be clean. If the solution 
contains an acid a good glass-stoppered bottle should be preferred to a cork- 
stoppered bottle. It should be remembered, however, that a cork is porous 
and absorbs a solution, and it must not be indiscriminately transferred from 
one bottle to another without first having been soaked for at least an hour 
in clean water. Fresh, clean, dry corks, if dipped in paraffin, will not be so 
porous and will not absorb a solution to the extent that an uncoated cork will. 

c. Suppose that in the case in hand a clean glass graduate has been selected 
for the mixing operations; also that there have been put in a convenient place 
a suitable, clean bottle and cork and that the bottle has a maximum capacity 
of 16 ounces. It is not good practice to use a bottle for a developer of a capac- 
ity larger than that required, as the unfilled part of the bottle will give space 
to a volume of air that will oxidize the developer sooner than if the solution 
almost touches the stopper. 

169. The kinds of water suitable for photographic purposes.—a. As the 
chemicals are always added to water, mixing operations are begun by drawing 
the water. If the formula merely specifies a certain quantity of water, this 
is measured in a graduate and poured into the mixing container. If the for- 
mula, however, calls for “ water to” a stated quantity, it means that the solu- 
tion, when completely prepared, should not exceed that quantity. When fol- 
lowing the formula that has been inserted in paragraph 160 for purposes of illus- 
tration, a portion only of the water called for is taken, and after dissolving all 
the chemicals in it water is added if necessary to bring the total volume 
up to 16 ounces, as “ water to 16 ounces” means that after the chemicals are 
dissolved in something less than 16 ounces, only sufficient water should be added 
to make the whole solution exactly 16 ounces. 

b. Water comes in various states of purity. The purest form is distilled 
water, assuming of course that the distillation apparatus used in its preparation 
was thoroughly clean. Next in purity is rain water if it has been caught on a 
clean surface and in a clean container ; and then come melted snow and hail, fol- 
lowed by spring and well water and finally by water from streams and rivers. 
Distilled water is not necessary for photographic purposes if the water ob- 
tained from natural sources does not contain impurities harmful to photographic 
work, 

c. The impurities that may be present in various kinds of water are dis- 
solved salts, such as bicarbonates, chlorides and sulphates of calcium, mag- 
nesium, sodium, and potassium. In case calcium salts are present in the water 
and a developer is prepared containing sodium bisulphide or potassium meta- 
bisulphite, fine needle-shaped crystals of calcium sulphite are apt to separate 
out as a sludge in the developer while it is standing. This sludge is harmless 
if allowed to settle, but the developer is nevertheless robbed of sulphite to the 
extent of the amount required to form the sludge. If the developer is agitated, 
the sludge will cause trouble by precipitating on the emulsions of the sensi- 
tized materials. If iron is present to any great extent the water should not 
be used for photographic purposes. Near the ocean, salt (sodium chloride) may 
be present in the water even when rain water is used. Chlorides and bromides 
exert a restraining effect on the action of the photographic developer. This 
may be Offset, however, by adjusting the quantities of the other ingredients 
in the developer. 
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d. Dissolved salts often cause trouble by crystallizing on the film of a negative 
after drying; and although not always visible as crystals to the eye, they detract 
from the transparency of the negative. 

e. If the water used has come from a river, the impurities that it contains, 
such as silt or solids, may be apparent. Such matter, however, is not so 
injurious to good photographic work as iron or salt. Water may also contain 
suspended matter in the form of dirt and iron rust, which if not filtered out 
and allowed to settle will cause spots on the negatives developed in solutions 
prepared with it. It may also contain slime consisting of animal or vegetable 
colloidal matter which can not be removed by filtering.. If such water is used 
for preparing photographic solutions, the colloidal matter coagulates gradually 
and settles out as a sludge. 

f. Water as ordinarily available in some localities contains dissolved gases 
such as air, sulphureted hydrogen, and the like. Sulphureted hydrogen will 
cause chemical fog, but it may be removed by boiling the water. 

g. Water may be purified as follows: 

(1) By distillation.—Distilled water should be used for mixing solutions 
whenever it can be obtained easily. However, a still of adequate capacity is 
expensive and the process of distillation is slow. 

(2) By boiling.—This coagulates the colloidal matter and changes certain 
lime salts to an insoluble condition in which they then settle out, while dis- 
solved gases such as air, sulphureted hydrogen, etc., are removed. Therefore, 
unless the water contains an excessive amount of dissolved salts, it is usually 
sufficient to boil the water and allow it to settle. 

(3) By chemical treatment.—This is the most practical method, if large 
quantities of water are required. The following methods of chemical purifi- 
cation may be adopted: 

(a) Add alum to the water in the proportion of 15 grains to a gallon. 
This coagulates the slime, which carries down any suspended 
particles, and the solution rapidly clears. This method does not 
remove dissolved salts, while the small amount of alum intro- 
duced into the water has no harmful effect on the developer. 

(ob) Add a solution of sodium oxalate until no further precipitate 
forms. This method removes the calcium and magnesium salts 
and coagulates the slime, although the sodium and potassium 
salts are left in solution. 

(c) Most of the commercial methods of water softening may be em- 
ployed, although such methods do not remove the sodium and 
potassium salts. 

h. To continue the illustration—it is supposed that into a graduate about 
12 ounces of the best kind of water available has been poured. The next step 
is to weigh out and add the first solid. 

170. Weighing.—a. There are two types of scales used in Army photo- 
graphic sections for the weighing of solid chemicals. One is a small balance 
called studio scales, which is designed for the weighing of very small quantities 
of a solid. It has a capacity ranging from 1 grain to 4 ounces and 40 grains. 
With this type of scale, separate weights are furnished, as follows: 
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Two 50-grain weights. 

One %-ounce weight (110 grains). 
One 14-ounce weight (220 grains). 
One 1-ounce weight (440 grains). 
One 2-ounce weight (880 grains). 


These scales also have a beam graduated from 0 to 50 grains, so that by 
setting the small sliding weight on this beam at any point desired any quantity 
from 1 to 50 grains can be weighed without the separate weights. By adding 
one or more of these weights to the right-hand pan any amount up to the full 
capacity of the scales—50 grains on the beam and the total of all weights, or 
4 ounces and 40 grains altogether—can be weighed. When about to use these 
scales set the sliding weight on the graduated beam at 0. Place the pans in 
position and obtain an even balance by turning the milled nuts at the ends of 
the beam. Even balance will be indicated by the pointer on the beam centering 
over the notch at bottom of the frame. With pans in position, if balance 
remains unequal, reverse their positions, left for right, and adjust by means of 
the milled nuts. Material to be weighed should always be placed in the left- 
hand pan, and when above 50 grains the weights should always be used in the 
right-hand pan. The center of balance of the scales is a knife-edge. In order 
that these scales may be always accurate they must be treated with the care 
required by any delicate piece of apparatus. They should always be clean and 
ready for use. The life of the pans will be prolonged by placing clean paper of 
the same size in each pan before adding weights or material. Suitable paper 
cut to the proper size for this purpose should be handy in the laboratory or 
chemical mixing room. A clean sheet should be used for each chemical, and 
when the chemical has been weighed out and added to the mixing container 
the paper should be discarded in such a way that any fine particles of the 
chemicals will not be set afloat around the room. In weighing out a chemical 
be careful not to spill it over the balance. If the chemical is in a bottle, slowly 
revolve the bottle while the mouth is held down at the proper angle. The 
chemical in small quantities will then come out slowly. If the chemical is in a 
can or large container a ladle or spoon should be used for transferring it to 
the scales. Remember that whenever studio scales are used the amounts of 
ingredients desired are small and therefore must be carefully weighed. 

b. The other type of scale used is the spring balance or post-office type. The 
material is placed in the scoop, and a pointer on a dial records its weight from 
1 ounce to 24 pounds. A piece of paper should be first placed in the scoop and 
the chemicals never added directly to the scoop but poured on top of the paper. 
Care must be taken in preserving this type of scale if accurate results are 
expected. Never allow any materials in the scoop except when they are being 
weighed and never keep the scale in a place where there is danger of its rusting. 

c. Following further the formula contained in paragraph 160 and in accord- 
ance with the instructions just given, 350 grains of sodium sulphite (desiccated), 
as called for by the formula, are weighed out. In doing this the equivalents of 
the weights may be considered, as follows: 1-ounce weight, 440 grains; 14-ounce 
weight, 220 grains; 14-ounce weight, 110 grains. The adoption of these equiva- 
lents avoids the use of fractions, the calculation of which consumes more time 
than the slightly finer degree of accuracy obtained justifies. For ordinary . 
photographic work the equivalents given are sufficiently accurate. 
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171. Order of mixing.—a. Unless otherwise stated in the formula, the 
ingredients called for are added in the order in which they appear. Every 
good formula lists the ingredients in that order. However, it may happen 
that the order of listing the ingredients is not the order in which the chemicals 
are dissolved. In such a case the photographer is expected to know the proper 
order of mixing. The general rules for mixing are as follows: 

(1) Read the label on the bottle or container before adding any chemical 
to the solution. 

(2) Add chemicals in the order given in the formula. 

(3) Do not add a chemical unless it is fresh and of known purity and con- 
forms in purity with the requirements of the formula. 

(4) Dissolve each chemical before adding the next. 

b. When mixing the developer the following rules should be followed : 

(1) Dissolve the preservative first. In the case of metol or elon dissolve 
only a portion of the sulphite first, dissolve the metol, and then the remainder 
of the sulphite. 

(2) Make sure that one chemical is dissolved before adding the next. If 
the carbonate or alkali is added before the crystals of the developing agent 
are dissolved the crystals will begin to oxidize at the surface and the resulting 
solution will give fog. 

(3) Mix the developer at as low a temperature as possible. 

(4) In the case of desiccated chemicals, such as sodium carbonate and 
sodium sulphite, add the chemical to the water and not vice versa. 

172. Stirring.—As a solid is added, the water or solution is stirred thor- 
oughly to expedite its dissolving throughout the solution. The solid is poured 
in a little at a time and a suitable stirring rod is employed. The kind of rod 
in ordinary use in the Army is made of vulcanized rubber, which is chemical 
proof. This rod has a knob at the end for crushing small particles of chemicals. 
For a large tank a larger size is necessary, and this is made of wood in the 
form of a paddle. It is best to coat such wooden paddles with paraffin and 
to use a paddle for one kind of solution only. Paddles, therefore, should 
be marked with the name of the solution for which intended. 

178. Per cent and saturated solutions.—a. Sometimes a formula calls for 
a certain amount of a per cent solution of the substance or a certain amount 
of a saturated solution. A per cent solution is one containing a certain per- 
centage of the substance in water. The per cent solution usually called for 
is 10 per cent, and such a solution should have 1 ounce avoirdupois exactly 
(43714 grains) for each 9% fluid ounces. 

6. A saturated solution is one containing as much of the solid as can be dis- 
solved in water. The strength of saturated solutions varies according to the 
kind of chemicals, it being one of the peculiar properties of a chemical that 
Only a certain maximum amount will dissolve in water. 

174. How to use a graduate.—a. The required quantity of a fluid is meas- 
ured in a container called a graduate, because by engraving or otherwise 
there are marks on the side graduating the capacity of the vessel in terms of 1 
system for measuring fluids. The extent of such graduations varies according 
to the total capacity of the graduate and its design, there being small-sized 
graduates which are finely divided into fractions of a fluid ounce and larger 
graduates in which it is not possible to measure less than an ounce or half 
an ounce. 
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b. When using a graduate to measure a quantity of liquid to be taken from 
a bottle, hold the graduate in the left hand, with the graduations in sight. 
Turn the right-hand palm up, press the stopper or cork of the bottle between the 
first two fingers, extract it, and while still holding it between the fingers 
grasp the bottle in the right hand so that the label will be uppermost. Now, 
holding the graduate the height of the eye, slowly pour into it from the bottle 
the amount of the fluid required. If the graduate is small the surface of 
the liquid in the graduate is concave. Enough should be added so that a 
straight, horizontal line passing through the marking desired will touch the 
bottom of the concavity and not the top of the sides. 

c. Sometimes a formula calls for a certain number of drops in a solution. 
The ordinary type of eye dropper, procurable at any drug store, is the most 
convenient device for measuring drops. 

175. Filtering.—It is not good practice to filter a developer unless it be abso- 
lutely neceSsary, as in the process of filtration too much air is added to the 
developer. It may happen, however, that solutions, and sometimes developers, 
contain foreign particles which should be removed and this is best done by 
filtration. The most effective kind of filtering is through filter paper. This 
comes in circular sheets of different diameters suiting the size of the funnel 
to be used. To place the paper in the funnel, fold it twice so as to form 
a quarter section and open one loop and the result is a pointed cone, 
which should be inserted, point downward, in the funnel. The liquid 
to be filtered is poured into this cone. A less effective method of filtering is 
through clean material, such as white muslin, or through a tuft of good-grade 
raw cotton inserted in the bottom of the funnel. Filtering is not often prac- 
ticed in photography. 

176. Heating solutions.—a. The extent to which a.solid is soluble in water 
usually depends upon the temperature of the water, it being possible ordi- 
narily to dissolve more of the solid in warm water than in cold water. As 
some stock solutions are very concentrated, in order to effect the solution 
of all the ingredients required, warm or hot water is used. The temperature 
of this is taken by means of a thermometer, which is a gauge graduated into 
markings called degrees. The system of markings ordinarily used is known 
as Fahrenheit (F.). The other system to which references are often found is 
known as centigrade (C.). On the centigrade scale water freezes at 0° and 
boils at 100°, and on the Fahrenheit the corresponding readings are 32° and 
212°, 

b. To convert centigrade into Fahrenheit, multiply by 9, divide by 5, and add 
32. To convert Fahrenheit into centigrade, subtract 32, multiply by 5, and 
divide by 9. 

c. When taking the temperature of water or of a solution always allow the 
thermometer to remain in it at least two minutes. 

d. At certain seasons of the year in some localities certain of the ingredi- 
ents in a highly concentrated stock solution will crystallize out at low tempera- 
ture. This is notably true in the concentrated use of metol-hydroquinone 
developer. To prevent this, a definite proportion of alcohol is added to the 
solution. 

177. The use of the hydrometer.—A hydrometer is a gauge for measuring 
the strength of a solution. It is very convenient in the case of a plain solu- 
tion of sodium hyposulphite. Such a solution is often made up in a large 
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quantity; and in the course of time, especially when it is stored in a keg or 
open container, the water of the solution will evaporate and consequently the 
solution will be of stronger but of unknown strength. A convenient method of 
learning how much water should be added to bring the solution down to the 
proper strength is to know the hydrometer test for the required strength of the 
solution. Thus, if the formula should state that the solution should test 78 by 
the hydrometer when the solution is at a temperature of 65° F. the special 
tube or graduate supplied with the hydrometer should be filled with a quantity 
of the solution to be tested and if necessary this quantity brought to a tempera- 
ture of 65° F. and the hydrometer then inserted. If a solution does not come up 
to the required strength or is greater than the required strength the whole 
amount of the solution should be brought to 65° F. if necessary, the hydrometer 
inserted, and additional water or additional solid added and dissolved until the 
whole solution tests according to the required hydrometer reading. 

178. Developing.—The word “ developing” is used to describe that step in 
the production of the photograph which immediately follows the exposure of 
the film or plate in the camera, or of the sheet of light-sensitive photographic 
paper in the contact printing machine or in the enlarger. The image impressed 
upon the photographic emulsion is latent, and therefore it must be converted 
to one that is not only visible but otherwise is practicable for subsequent use. 
The foundation to the kind of understanding of development that is neccessary 
to thorough, intelligent work includes exact knowledge of the effect of the 
exposure on the emulsion, the effect of development on the exposed emulsion, 
and the function of each necessary ingredient of any developing solution or 
developer. Under these phases the essential chemistry involved in development 
should be learned. 

179. The effect of the exposure on the emulsion.—a. As the film is inserted 
in the camera so that the sensitive emulsion faces the lens, the rays of light that 
pass through the lens and form the image on the surface of the film penetrate 
the emulsion layer from the surface downward toward the support to an extent 
depending upon the intensity of the light. This intensity is regulated by the 
strength of the different reflected rays from the subject, which vary according 
to the powers as reflectors of the different portions of the subject. For 
instance, if a certain portion is dark, the rays of light reflected from that 
portion will be weak and few in number, and the effect of such rays on the 
surface of the emulsion will be small and only the grains of silver lying on the 
surface or immediately below it will be changed by the light to silver sub- 
bromide. On the other hand, if some part of the subject is white in color 
and therefore refiects a great number of rays of light, these reflected rays, 
when they have passed through the lens and reached the emulsion, will pene- 
trate much below the surface of the emulsion and convert to silver subbromide 
all grains of silver bromide in the emulsion layer that lie in their path. 
Emulsions are usually thick enough so that light rays do not generally pene- 
trate them ali the way through to the support, so that nearly always there is 
a layer of the emulsion next to the support that even the strongest rays of 
light that go to make up the image do not reach. This unaffected stratum 
serves as a “cushion,” so to speak, in which the extreme high lights of the 
subject form without blunting or halation. If it were possible to see a cross- 
sectional view of a plate after exposure and to distinguish those portions which 
the light has not affected, it would be found that, as every subject is made up of 
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gradations of light rays ranging in strength from conrplete darkness to intense 
brightness, the rays of light from various portions of the subject, after passing 
through the lens, have penetrated the emulsion layer to different depths, 
extending from a mere surface affection to a deep penetration almost to the 
support. If in such a cross-sectional view a fine line could be drawn which 
would indicate the boundary between those portions affected by the light and 
those portions not reached by the light, and therefore unaffected, it would 
be found that this line would be very irregular in form and resemble the profile 
of a range of mountain peaks. (Fig. 37.) The light-affected grains of silver 
above this line would compose the latent image with which development is 
afterwards concerned, and the silver grains lying below the line, and therefore 
unaffected by the light, would be surplus, and these would be removed from the 
gelatin layer during fixation and washing in order to make the latent image, 
which has been converted in development to metallic silver, clearer and more 
transparent than it would be if this layer of unaffected silver grains were 
allowed to remain in the gelatin coating. 

b. During the exposure of photographic paper, in contact printing or in 
enlarging from a negative, the effect of the light on the coating of the paper 
is exactly the same as described in a above in regard to the negative, except 
that, as the sensitive silver salt in the paper coating may be silver chloride, 
it is changed by the light to silver subchloride. 

c. To make the foregoing clearer, it should be realized that although the 
paper has not been in the camera and exposed directly to the reflected rays from 
the object being photographed as they pass through the lens and are projected 
in the form of an image, nevertheless, in printing or in enlarging, the emulsion 
of the paper is, like the plate or film, subjected to various intensities of light, 
such intensities being regulated by the degrees of transparency of various areas 
of the negative. In other words, a light of uniform strength is used either in 
the enlarging apparatus or in the contact printing machine, and the strength 
of the rays from this light after they have passed through the negative and 
reached the paper is controlled by the various depths of density in the different 
portions of the negative. 

180. The effect of development on the exposed emulsion.—When a light- 
sensitive material is exposed for a short time to light, although the change 
that takes place may be so minute that it can not be detected by ordinary 
means, nevertheless, if the exposed material is placed in a chemical solution 
called a developer, those grains of the silver compound, and only those that 
have been changed by the light to silver subbromide (or silver subchloride, as 
the case may be), forming the latent image will be converted to a visible image 
composed of grains of black metallic silver. This image is made up of grains 
of metallic silver because the original emulsion, contained the silver bromide, 
or silver chloride, in the form of microscopically small crystals and when the 
developer took the bromide or chloride away from these crystals tiny cokelike 
masses of metallic silver remained behind in exactly the same positions as the 
bromide or chloride crystals from which they are formed, so that whereas the 
original emulsion consisted of microscopic crystalline grains of the sensitive 
Silver salt, the final image is composed of equally microscopic grains of black 
metallic silver. The substance in a developer which has the power to convert 
a silver salt acted upon by the light to metallic silver is called a “ developing 
agent.” ‘To be a good developing agent the substance must be sufficiently strong 
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to convert to metallic silver the light-exposed silver salt without at the same 
time affecting those grains of the silver salt which the light has not reached 
or affected. 

181. The composition of photographic developers.—A photographic devel- 
oper is not merely a solution in water of a developing agent, but includes other 
ingredients. A photographic developer is composed of the following: 

a. Developing agent. 

b. Keeper. 

ce. Accelerator. 

d. Preservative. 

e. Restrainer. 

Careful study of the purpose of each of these five components of a developer 
is necessary in order to obtain a proper understanding of the composition of 
developers. 

182. Developing agents.—The developing agent is often called a reducer. 
The conversion of silver subbromide, or silver subchloride, to metallic silver 
is a form of reduction. This kind of reduction, however, must not be confused 
with the reduction of the density of a negative treated elsewhere in this 
manual. In the chemical reduction involved in development the silver sub- 
bromide or subchloride is converted into metallic silver, while in the reduc- 
tion of the density of a negative the heavy deposits of black metallic silver 
composing the negative image are thinned out and made more transparent. 
A developing agent or reducer has the power of liberating metallic silver from 
certain of the compounds of silver. Five of the large number of developing 
agents have been adopted as the most suitable for military photography. They 
are pyro, elon, metol, hydroquinone, and paramidophenol hydrochloride. Differ- 
ent reducing agents behave differently in development. Metol or elon can 
not be used in the place of hydroquinone and the same result obtained. An 
image developed with either metol or elon alone comes up very quickly all 
over the plate and gains density very slowly, while with hydroquinone alone 
the image comes up slowly but gains density steadily and rapidly. Again, 
slight changes in temperature considerably affect hydroquinone, but have little 
effect on metol or elon. These differences in the developing agents depend upon 
the chemical nature of the substances. 

183. The keeper in a developer.—A solution composed only of a developing 
agent and water would deteriorate in a length of time that would vary ac- 
cording to the kind of agent. This deterioration would consist of oxidation, 
which in this case would be an absorption of oxygen from the air and from 
the water, and this oxidizing action would eventually make the solution unfit 
for developing purposes. Therefore, when a solution is made of some develop- 
ing agents, a chemical is used to prevent it from oxidizing. Such a chemical 
is called a “ keeper ” of the solution. More accurately speaking, it is a preserv- 
ative, but it is referred to as a keeper because another chemical whose action 
is different is known as the preservative. The chemical usually employed as the 
keeper is potassium metabisulphite or sodium bisulphite, each of which con- 
tains a small amount of an acid that preserves the solution. 

184. The accelerator in a developer.—In order to make the developing 
agents, enumerated above, develop at all, they must be assisted by another 
chemical in the developing solution. This is an alkaline salt and is known as 
the “accelerator”. Although the salt most frequently used as an accelerator is 
sodium carbonate, almost any kind of an alkali can be used. Sodium carbon- 
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ate (monohydrated), because of its uniform strength, is generally preferred. 
The amount of the alkali governs the energy of a developing agent. If too 
much is present the developer will tend to produce chemical fog, while on the 
other hand, if too little is used the action of the developer will be too slow. 
Alkalies also soften the gelatin of the emulsion. Consequently too much 
alkali in a developer will produce overswelling and will give trouble in the 
form of frilling or blisters, especially in warm weather. This action of the 
alkali on the gelatin has nothing to do with its developing properties. It is 
merely an unfortunate fact. 

185. The preservative in a developer.—With a solution composed of the 
developing agent, the keeper, and the accelerator, it would be possible to con- 
vert silver subbromide or silver subchloride to metallic silver, but development 
would be almost instantaneous and the surface of the emulsion would be de- 
veloped so much faster than the underlayers that fog or stains would appear 
before the development of the print or negative is complete. In order to correct 
such a solution, a chemical is added that has great affinity for oxygen. This 
is called the “ preservative”. It is almost invariably sodium sulphite. Different 
amounts of sodium sulphite are used in a developing solution, depending upon 
the kind of results desired. The larger the amount of sulphite used, the less 
stain there will be in the finished negative. If, however, only a small amount 
of sulphite is used with pyrogallic acid as the developing agent, the image, 
while it may show no fog, will be a deep yellow in color, provided a fixing 
bath of hypo alone is used. Some photographers desire a little of this yellow 
color in their negatives and consequently are especially careful in weighing 
out the amount of sulphite added to the developing solutions for negatives. 
With paper, however, the amount of sulphite is not varied to any considerable 
extent. A sufficient quantity is always added to the developing solution to 
insure against stains or oxidation during development. To summarize the fore- 
going, the essential facts that must be remembered are that sodium sulphite is 
a preservative which not only keeps the developing solution from oxidizing 
during development but also keeps the negative or print from fogging and tc 
a great extent controls the color of the negative or print. 

186. The restrainer in a developer.—a. Films or plates can be successfully 
developed in a solution composed of the developing agent, the keeper, the ac- 
celerator, and the preservative, provided development is not forced; by that 
is meant, carried beyond the point at which it should be stopped. However, 
if the films or plates are a little old or if development is forced, chemical fog 
may result—that is, the silver-bromide grains that have not actually been 
affected by the light will begin to develop slightly, and over the surface of 
the negative a thin, veillike deposit of metallic silver is produced, which is 
known as fog. Again, the time required for a developing agent to reduce the 
exposed silver-bromide grains to black metallic silver differs with developing 
agents, some accomplishing this reduction in a short space of time, while others 
are rather slow in acting. When the energetic developing agents are used there 
is danger of development being completed much sooner than the operator real- 
izes and of his continuing it inadvertently beyond the point at which it should 
be stopped. The failure to stop development at the proper time, especially 
in the case of energetic developing agents, also produces chemical fog. This 
results from the fact that the developing agent, having quickly reduced all the 
Silver-bromide grains affected by the light to metallic silver, rapidly continues 
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its action and begins to reduce those grains unaffected by the light, and the 
plate is soon covered with a veiling of these unaffected silver-bromide grains 
which have been improperly allowed to be reduced to metallic silver. In order 
to avoid chemical fog which may result through inadvertence when a very 
energetic developing agent is employed, or result from intentionally forcing 
development, and in order also to give suitable control over development, it 
is wise to slow up the developer by the use of a restrainer. There are several 
chemicals used in photography because of their powers as developer restrainefrs ; 
and the addition in proper quantity of one of these chemicals to the developing 
Bolution, especially when it includes an energetic developing agent, brings de- 
velopment under proper control and assists in avoiding the chemical fog. 
These restrainers, in order of frequency of use or popularity, are as follows: 
Potassium bromide, potassium iodide, and sodium chloride (common table salt). 
b. As potassium bromide is recommended because it is the most common and 
popular restrainer, some consideration will now be given to the effect of this 
chemical in the developing solution. Potassium bromide in proper quantity 
will first prevent the reduction of the silver-bromide grains unaffected by the 
light. As the quantity is increased it will continue its action by restraining 
the least exposed portions of the negative. An excess amount, therefore, 
when used in the development of a normally exposed negative will prevent the 
uppearance of detail in those portions of the negative receiving the least ex- 
posure and will thus have the effect of exaggerating the normal contrast in 
the subject. Therefore, great care must be used when employing a restrainer 
if proper rendition of light and shade is to be accomplished. In the manufac- 
ture of the emulsions of certain brands of films and plates sufficient free po- 
tassium bromide is included in the emulsion to prevent the appearance of a 
chemical fog in the developer, and when these emulsions are developed a re- 
strainer should not be added to the developer. For many years it has been 
the practice to have handy in the developing laboratory a 10 per cent solution 
of potassium bromide for addition to the developer when films or plates that 
are known to be overexposed are developed. In case of overexposure, where 
ordinarily a flat, lifeless negative would be the result, the power of potassium 
bromide to increase contrast is turned to account, and often the addition of a 
very few drops of a 10 per cent solution to the developer suffices to save an 
overexposed plate. The generally accepted theory as to the chemical action of 
potassium bromide in a developer is that it forms a double compound with the 
silver salt in the film and that this double compound is less readily acted 
upon by the developer. With stale films or plates a restrainer is necessary, 
ax the silver salts in the film seem to undergo a certain amount of decomposi- 
tlon and reduction (development) with age, even though the light has not 
affected them. Potassium bromide is included in developers for bromide and 
contact printing papers in order to keep the whites of the print clear while the 

imuge is being developed to its proper density. 
Pr prt ai for cut films and plates (except process 
the preparation of arian iris Bee Soe ever t 
case of roll film exposed : will Hie considered later. This is also true in the 
plates the following is " n uertal cameras. For all other kinds of films and 
§ is the formula of the developer and method of preparation: 
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Pyro-metol developer (for cut films and plates, except process films and plates) 


SoLuTion A 


W A0er 2b Ao ete 32 ounces 1 gallon 10 gallons _1 liter 
Potassium metabisulphite 
(crystals) or sodium bi- 


sulphite (desiccated)-_- 1 ounce 4 ounces 40 ounces 30 grams 
Metol (or elon) __._------ 1 ounce 4 ounces 40 ounces 30 grams 
Pyro (crystals) ....------- 1 ounce 4 ounces 40 ounces 30 grams 
Potassium bromide (gran- 
CAR) 26 ts es 55 grains 220 grains 5 ounces 38 deci- 
grams 


Directions: Heat water to about 100° F. Dissolve it in about one-half of 
the metabisulphite. Then dissolve the metol. Dissolve the remainder of the 
metabisulphite and then the pyro and the bromide in turn. 


SoLuTION B 


Water. juciu so Sesee eens 32 ounces 1 gallon 10 gallons __1 liter 
Sodium sulphite (desic- 

Caled) coo d5ceccouneet 314 ounces 14 ounces 834 pounds 110 grams 
Directions: Heat water to 100° F. and dissolve the sodium sulphite in it. 
SOLUTION C 
WY i as a ee 32 ounces 1 gallon 10 gallons 1 liter 


Sodium carbonate (monohydrated) 21% ounces 10 ounces 6% pounds 77 grams 


Directions: Heat water to about 120° F. Dissolve the sodium carbonate in it. 


For use 

SOlUtION Aws ie ete DRaT EMSRS CCS Seen et OUT 1 part. 

BOMMUION: Bc. oot ee So eee eek Do. 

BOlUCION ©4002 6 es ee ce eee eee Do. 

OW CGR oS eee 6 parts. 
Eastman 8 by 10 inch plate tank: 

MOMICION Aese cc ote oie a es 18 ounces. 

SOlMCOM: “Biss t ei ee oe Do. 

OLMION ao ee ee Do 

IW QUO ai oe ee a ea ete a oes 108 ounces. 

MeCmMpeCrature. 26 ns ee ho tee 65° F. 

Length of development_____-_-_-_---__-_-_-----~- 10 minutes. 


The above formula for tank development is intended for fresh, clean, work- 
ing films or plates. If old material is used, add 1 ounce of a 10 per cent solu- 
tion of potassium bromide in order to keep the shadows clear and develop a 
total of 12 minutes at 65° F. 

b. One reason for making up this pyro-metol developer formula in three 
separate solutions is in order to have the solutions containing the restrainer 
and accelerator separate and thus afford a pliuble developer—that is, a developer 
that will give any reasonable amount of contrast or softness by merely varying 
the amounts of carbonate and water. It must be remembered that the more car- 
bonate contained in the developer the more rapid will be its reduction potential 
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and that, on the other hand, the more water added to a developer the slower 
will be its reduction potential. It is true in a limited sense that a developer 
that has a subnormal amount of carbonate is known as a “ soft-working 
developer.” 

c. Another reason for mixing the solutions separately is the fact that the 
pyro oxidizes very rapidly when mixed with the sodium carbonate or other 
alkali. In preparing solution A there must not be any air in the water when 
beginning mixing. The water must be at a temperature of at least 100° F., 
although it should not be much above that temperature. The chemicals, if dis- 
solved in order, are readily soluble in the amount of water called for by the 
formula. If the water were cold difficulty would be experienced in dissolving 
the metol. Solution A should be quickly mixed—that it, as soon as one chemical 
is thoroughly dissolved, add the next without loss of time and continue until 
all ingredients are dissolved. The solution should then be tightly corked, as 
air will oxidize it rapidly. Larger quantities of solution A than will be used 
during » week should not be prepared unless the bottles in which the solution 
is to be kept are filled to the neck and tightly corked. Extreme care and 
accuracy must be used in weighing the potassium bromide required for the 
solution. If dry sodium carbonate is used, have the water hot and add the 
carbonate to the water, and not vice versa. If the water is added to the 
carbonate or too much carbonate is poured into the water without stirring 
rapidly it will settle to the bottom and form almost insoluble lumps, which, 
ulthough difficult to dissolve, must be dissolved before the solution can be used. 

d. Solution B is not difficult to mix. Sodium sulphite is poured slowly into 
the warm water while stirring the water rapidly, Sodium sulphite is usually 
in the dry form and if fresh any good brand is likely to be of even strength. 
It is difficult, however, to recognize old sulphite by its appearance. The dry 
sulphite oxidizes rapidly when exposed to air, and although it does not change 
in appearance, it does considerably in strength. 

e. When preparing solution C be sure that the carbonate of soda is labeled 
“ monohydrated ” before making the solution. If it is not monohydrated the 
strength of the carbonate will have to be determined before weighing the chem- 
ical. When substituting carbonate of different form or strength or some other 
alkali for carbonate, follow strictly the table of relative strengths of alkalies 
as given in paragraph 163 g. The strength of crystal sodium carbonate can 
be determined only with trial use, since the drier the crystal carbonate the 
less water will be contained in the crystal. Consequently, with the loss of 
water the crystal gains in strength. For best results uniform strength must 
be maintained. A hydrometer may be used in determining the strength of 
the solution C if cure is exercised in making each test at the same temperature. 

f. Solutions B and C will keep almost indefinitely. The only difficulty is 
the precipitating of the chemicals if left standing over a period of weeks and 
if the water in which they were mixed contained any of the calcium salts. 

188. Preparation of developer for process films and process plates.— 
a. While process films and process plates may be developed in the pyro-metol 
developer considered in paragraph 187, the best results with such films and 
plates with the class of subjects for which they are designed require a special 
developer, of which the following is an excellent formula: 
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Hydroquinone-caustic soda developer (for process film and process plates) 
SoLuTion A 


Potassium metabisulphite (crystals) or sodium bisul- 


phite (desiccated) --.--_..-__--.-----_------_--_-. 350 grains. 
Hy droquinone s2 sn oe ee eee ee Do. 
Potassium bromide___.____---_-______.__-----_-__--. Do. 
Water 10 sec fe a ee ee See 32 ounces. 


Directions: Dissolve all the metabisulphite in about 24 ounces of water. Then 
dissolve, in turn, the hydroquinone and the bromide and add enough water 
to bring the solution up to 32 ounces. 


SoLUTION B 


Sodium hydroxide (caustic soda) -—-------__-----_---- 1% ounces. 
W OLCl 10 i i ee ee ee 32 ounces. 


Directions: If there is a chalky crust on the sticks of caustic soda, remove 
this by scraping before dissolving the chemical. Then dissolve the caustic 
soda in about 24 ounces of water and add water to make up 32 ounces. 


For use 


BOlULION Aves) os es 1 part. 
Solution B 


Stir or shake well solution B before adding to solution A. Develop for about 
3 minutes at a temperature of 65° F. 

CAUTION: Do not handle caustic soda with bare hands or otherwise permit 
it to come into contact with the flesh, especially if the flesh is damp, as the 
caustic will cauterize or burn it almost instantly. 

b. Do not add a greater amount of solution B (caustic soda) than is called for 
by the formula, because by so doing the emulsion will be softened to the point 
where it may become loosened from its support or at best be easily scratched. 
If the caustic soda used in making the solution is up to standard strength, the 
proportion of the chemical called for by the formula will be found correct. If 
development does not proceed at a rapid rate (and this should be an energetic 
developer), a little more of solution B may be used than of solution A. Due to 
the heaviness of the caustic soda and to the fact that even though it remains 
liquid it will settle to the bottom of the container, solution B should be well 
shaken before use. If the image is not well developed at the end of three 
minutes’ time at a temperature of 65° F. another exposure or copy should be 
made, as this developer should give the maximum development and produce the 
most contrasty negatives possible with any developer on a dry plate or film. 
This caustic soda developer will always work well if used exactly in accordance 
with the foregoing directions. 

189. Preparation of developer for contact printing and enlarging papers 
and lantern slides.—a. The following formula is used in the preparation of a 
suitable developer for contact printing papers, such as Velox, Azo, and some 
kinds of Haloid, and for the various kinds of bromide papers used in enlargipvg: 
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Metol-hydroquinone developer (for contact printing and bromide papers and 
lantern slides) 


Quart Gallon 10 gallons Liter 
Sodium sulphite (desiccated) -_.........- 24 ounces...-- 10 ounces....-- 644 pounds... -_| 77 grams. 
Metol (or elon)_........--.---..-------- 75 grains--.-_-- 300 grains. --._- 7 ounces._..... 50 decigrams. 
Hydroquinone. __........-------------- 300 grains. --.-. 23% ounces..--- 18% pounds_.-_-| 200 decigrams. 
Sodium carbonate (monohydrated) --..-- 4 ounces.._._-- 14 ounces. ____- 10 pounds. ..-_- 125 grams. 
Potassium bromide. .-.....---..------- 30 grains. --__-- 120 grains----- 2% ounces..__- 20 decigrams. 
Whaler 10. 2242652 o eee teen cea sad 32 ounces.....- 1 gallon. _....- 10 gallons. _._. 1 liter. 

When solution is cool, add— 
WilconOl sek se hee esc cose Secs Sd 4 ounces......- 16 ounces... 160 ounces. .-.- 125 cubic centi- 
meters. 


Directions: Heat water to about 100° F. First dissolve in it from one-eighth 
to one-fourth of the sodium sulphite called for. Then add in order, thoroughly 
dissolving one chemical before adding the next, all the metol, all the hydro- 
quinone, the remainder of the sodium sulphite, the carbonate and bromide, 
and then add water to bring the solution up to the required amount. In 
warm weather the alcohol may be omitted from the stock solution. 


For use for developing Velox paper 


ptock solution: =.2-> 22.25 cs See oi ee ee esac 1 part. 

WO OT a ee eet hee eee yeh 6 parts. 
For Artura Carbon Black 

mtOCK: “SOILION. s222 Sosa 4e shee Ses cheers a eee ose 1 part. 

Wy OOP hk eo es ee ee Se a ee 3 parts. 


b. When developing lantern slides add one drop of 10 per cent solution of 
potassium bromide for each ounce of stock solution used. In developing bro- 
mide paper, if the high lights are veiled or the color is a cold blue, sufficient 
potassium bromide solution may be added to give a warmer black if desired. 

c. The stock solution whose formula appears in a above contains the correct 
quantity of potassium bromide for developing Velox or contrasty Azo. When 
developing Artura Carbon Black sufficient potassium bromide should be added 
to produce the desired color. 

d. The developing solution made in accordance with the formula given in 4 
above is almost a saturated solution. Consequently the water in preparing 
the solution should be at a temperature of 100° F., or even a little above, other- 
wise difficulty will be encountered in dissolving the chemicals. It should be 
noted that part of the sodium sulphite is first dissolved in the water. This is 
very important, because some sodium sulphite or other preserving agent should 
be in the water before the metol and the hydroquinone are added. If all the so 
dium sulphite is dissolved before attempting to dissolve the metol and hydroquin- 
one there will be difficulty in dissolving them. It is not necessary that each of 
the two quantities of sulphite be accurately weighed as long as the total of the 
quantities is the amount of sulphite called for by the formula. The full 
amount of sulphite is carefully weighed, and then by guess about an eighth of the 
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total amount is added to the water prior to dissolving the developing agents. 
Metol does not always dissolve with the same ease. Elon, perhaps, dissolves a 
little more readily than some brands of metol. Some of the substitutes for 
metol dissolve with difficulty, and with all of them the use of hot water is nec- 
essary. If sodium carbonate other than the monohydrated is used, allowance 
must be made for the difference in strength, and if the dry sodium carbonate 
is used it will be found difficult to dissolve. (See par. 187 e.) Care should 
be exercised when adding potassium bromide to see that the exact amount 
called for in the formula is used. Sincethe developer now under consideration is 
designed for paper and lantern slides, any variation in bromide will change 
the color of prints. When one part of this developer is added to four parts 
of water the time required to develop completely a correctly exposed sheet 
of Velox paper is 45 seconds, provided the developer is at a temperature of 
70° F. If a print has not reached normal density after having been developed 
45 seconds but is of a greenish cast, it indicates that too much bromide has been 
used in the developer. Different amounts of potassium bromide are required 
for papers of different contrasts. No. 4 Velox takes the least amount of bromide 
of all the papers used, and the softer or less contrasty the paper is, the greater 
is the amount of bromide necessary. Approximately one-third more bromide 
should be used for No. 1 Velox than for No. 4. Fast working papers, such as 
Standard CC Bromide and Artura Carbon Black, require even more bromide. 
Since it is impossible to mix separate solutions for each grade of paper, the 
bromide is used in the form of a 10 per cent solution for convenience in meas- 
uring and is added as required by the operator. The more bromide used in a 
developer the slower will be the action of that developer and the more “ olive” 
colored the print. If prints are to be toned sepia by any method whatsoever, 
the greatest care possible must be exercised in the use of bromide, because the 
amount of bromide in a solution almost entirely controls the color of a sepia 
print; it is not regulated by the kind of toning solution used. The shade of 
such a print is almost wholly governed by its original development and not by 
any subsequent process. In order to secure a good colored black on Artura 
Carbon Black when using the developer in question a solution slightly more 
concentrated than normal should be employed. Also use sufficient bromide to 
obtain a good color. It will be found that in the case of Artura paper much 
more bromide will be necessary than with Velox. Furthermore, develop Artura 
paper for a much longer period than Velox. 

e. The directions for preparing a 10 per cent solution of potassium bromide 
will be found in paragraph 191. 

f. The metol-hydroquinone developer considered in this paragraph is commonly 
called the MQ developer. It will keep well if placed in amber-colored bottles, 
filed to the neck and tightly corked. If the metol and hydroquinone from 
which it is made are of a standard make and fresh, the developer should be 
almost colorless. As it ages it will become coffee colored. When it is too 
greatly discolored, or oxidized, it should be discarded and a fresh solution 
prepared. 

g. The extent to which a developer may be concentrated is determined by 
the solubility of the least soluble constituent, because a stock solution should 
usually withstand cooling to 40° F. without any of the ingredients crystallizing 
out. Usually the hydroquinone and metol, or elon, come out of solution on cool- 
ing, but by adding alcohol (grain, wood, or denatured), up to a concentration of 
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10 per cent, the crystallization is prevented, since the developing agents are very 
soluble in alcohol. When preparing concentrated devolopers it is important 
to observe carefully the rules of mixing, taking care to keep the temperature 
of the solution as low as possible if a colorless developer is to be obtained. 

190. The chemicals used in developing.—a. A list of the usual chemicals 
employed in developing can be readily memorized by associating each chemical 
with its function in the developer. The following is such a classified list : 


Developing agents______ Pyrogallic acid. 
Metol. 
Elon. 
Hydroquinone. 
Paramidophenol hydrochloride. 
Keepers__..--__..__-_-- Potassium metabisulphite. 
Sodium metabisulphite. 
Sodium bisulphite. 
Accelerators_________--- Sodium carbonate. 
Sodium hydroxide. 
Potassium carbonate. 
Preservative____-__---- Sodium sulphite. 
Restrainers__________-- Potassium bromide, 
Potassium icdide. 
Sodium chloride. 


b. Pyrogallic acid (pyrogallol or pyro), (poison).—Pyro comes in two forms; 
the resublimed, in very fine white, feathery crystals and the crystallized in 
heavy prismatic crystals of compact form. It keeps well in tightly corked, 
amber-colored bottles, but it must be protected from moisture. One gram of 
pyro is soluble in 3 cubie centimeters of water at 40° F. Pyro is a developing 
agent used principally in developers for negatives. Because of its staining 
qualities it is not desirable as a developer for positives or for photographic 
prints. Due to greater compactness, the crystallized form is preferred to the 
resublimed. Pyro is one of the oldest of the developing agents. It works 
well in connection with elon and metol or is capable of producing excellent nega- 
tives when used as the sole agent in a developer. An alkali of some kind is 
necessary to make an active photographic agent of pyro. Due to the rapid 
oxidation of pyro when once mixed with water, special precautions have to 
be exercised in the mixing of pyro, and if a stock solution of pyrogallic acid is 
to be kept for any length of time a keeper of some kind must be incorporated in 
the solution. Potassium metabisulphite, sodium metabisulphite, or sodium 
bisulphite (which are acidified sodium sulphite) are excellent keepers for a 
solution of pyrogallie acid. 

c. Metol (monomethyl-para-amido-cresol-sulphite), (slightly toxic). —Metol is 
a white, fairly heavy powder that keeps well in tightly corked, amber-colored 
bottles. It oxidizes upon exposure to light or moisture. The old chemical can 
usually be distinguished from the fresh by its darker color or by the presence 
of black crystals. This aging or oxidation does not necessarily make it unfit 
for use, but allowance for it should be made, as it weakens the chemical. One 
gram of metol is soluble in 25 cubic centimeters of water at 40° F. It dis- 
solves quite freely in warm water. It must not, however, be dissolved in hot 
water, as too much heat tends to oxidize the chemical. Metol is a photographic 
developing agent. Due to the fact that temperature does not affect to a great 
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extent a developer in which metol is the principal agent, it is widely used for 
the developing of photographic plates, films, papers, lantern slides, and in all 
developers where detail in high lights and shadows is essential. In a solution 
containing metol as the principal developing agent the image will appear almost 
immediately upon the immersion of the plate or paper. Metol will not develop 
without the presence of an alkali in the developer. It develops well with any 
of the alkalies—namely, sodium carbonate, caustic soda, or ammonia. Too 
much caustic soda, however, will cause metol to fog an emulsion. Solutions 
containing metol sometimes cause a rash to appear on the hands of the operator. 
If any irritation is noticed, light rubber gloves should be worn when developing 
in metol solutions. 

d. Elon (monomethyl-para-amido-phenol-sulphite), (slightly toric). —A white, 
fairly heavy powder that Keeps well in tightly corked, amber-colored bottles. 
It oxidizes upon exposure to light or moisture. Possesses other characteristics 
similar to those of metol. One gram of elon is soluble in 25 cubic centimeters 
of water at 40° F. It may be readily dissolved in warm water. The photo- 
graphic uses and the chemical action of elon are the same as those of metol. 
One may be substituted for the other without the necessity of an allowance 
being made for a difference in strength or photographic action. 

e. Hydroquinone (hydrochinone, hydrokinone, or quinolt).—Hydroquinone oc- 
curs in white needlelike crystals that keep well in tightly corked, amber-colored 
bottles. It oxidizes upon exposure to light or moisture. When partly oxidized, 
dark crystals will show and the crystals will be broken up and the appear- 
ance of the hydroquinone will be more nearly a powder than that of the original 
“needles.” One gram of hydroquinone dissolves in 25 cubic centimeters of 
water at 40° F. It dissolves more readily in warmer water. Hydroquinone is 
a developing agent that produces dense black images. The temperature of the 
solution affects its rate of development more than with any other developing 
solution at a temperature below 50° F. Its action is best at a temperature 
from 65° to 70° F. A temperature higher than 70° F. is likely to cause fog. 
Due to the coal-black color of the image produced by hydroquinone in a 
developing solution, it is used extensively in developing papers, lantern slides, 
transparencies, motion-picture positives, etc. It is generally used in connec- 
tion with metol. In some few cases, such as in work with process films or 
plates, it is used alone. Its tendency in development is toward a grainy con- 
dition in the negative and gives a little less detail than can be obtained with a 
developer in which elon or metol is the dominant agent. Besides being sus- 
ceptible to temperature, it is sensitive to the amount of sodium sulphite or 
potassium bromide present in the developer. A very small amount of bromide 
affects the color of the image, especially of prints, when hydroquinone is used 
as the agent. Hydroquinone gives great density with prolonged development. 
Metol, or elon, gives detail in a short period of development. Hydroquinone 
is highly sensitive to temperature; metol is less sensitive. Therefore, hydro- 
quinone is generally used with metol or elon as the agents in a developing 
solution. 

f. Paramidophenol hydrochloride (kodelon).—Paramidophenol hydrochloride 
is a light-gray powder that when dissolved in water produces a slightly bluish 
solution. It oxidizes a little faster than metol or hydroquinone. Its solubility 
varies with different brands. Generally 1 gram is soluble in about 6 cubic 
centimeters of water at room temperature. Its photographic use is nearly the 
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same as that of metol, with these notable exceptions: Paramidophenol hydro- 
chloride, when dissolved in solutions of sodium sulphate or sulphite and potas- 
sium or sodium carbonate exhibits a greater tendency than metol to “slow up” 
or “run down” unless speeded up by additions of small quantities of sodium 
hydrate; also it is more sensitive to potassium bromide than metol. The 
proportion of potassium bromide in the developer should never exceed 1 part 
bromide to 10 parts paramidophenol hydrochloride. The action of paramido- 
phenol and the color of the image produced by it resemble those of hydroqui- 
none. It gives a black image in the negative and a rather bluish-black one in 
the print. It is claimed that paramidophenol will not fog negatives at a high 
temperature, and therefore it has been suggested as a hot-weather developer, 
especially for roll film exposed in aerial cameras. Paramidophenol hydrochlor- 
ide is usually intended in formulas where only the word “ paramidophenol ” 
appears. 

g. Potassium metabisulphite——Potassium metabisulphite crystals resemble 
those of sodium metabisulphite. Its solubility and photographic uses are the 
same as those of sodium metabisulphite. Due to the scarcity of potash, 
potassium metabisulphite is higher in price than sodium metabisulphite. For 
that reason the former is used only for preserving developers. 

h. Sodium metabisulphite.—Sodium metabisulphite comes in colorless, rhom- 
bic crystals resembling those of sodium sulphite. Both chemicals should be 
kept in well-corked bottles. The first mentioned is a compound of sodium 
sulphite and sulphurous dioxide. One grum of the sodium metabisulphite is 
soluble in 3 cubic centimeters of water. As it is slightly acidulous, it is used 
as a “keeper” for developers. It can also take the place of sulphite in fixing 
baths. For keeping the pyro solution it is equal to potassium metabisulphite, 
but it is a little less soluble. 

i. Sodium bisulphite.—Sodium bisulphite when pure is a white salt with an 
acid reaction. One gram of sodium bisulphite is soluble in 3 cubic centimeters 
of water at 70° F. Its use in photography is that of a preservative for the 
fixing bath, in which it may be substituted for sodium sulphite. For this pur- 
pose it is superior to ordinary sodium sulphite, but because it is slightly more 
expensive it is not so commonly used. It is also used as a preservative or a 
“keeper” for stock solutions where the agent and the accelerator are kept 
separately. An example of this last-named use is in the standard developer 
referred to in paragraph 188 a. Sodium bisulphite should never be added to 
a “1-solution developer.” Instead of keeping such a developer it would merely 
neutralize slightly the effect of the carbonate. Caution: Pure sodium bisulphite 
is difficult to manufacture, and many times when it is used as a preservative 
for pyro the pyro will darken in color when dissolved. This is due to the 
presence of iron in the sodium bisulphite. For that reason it is best to use 
either potassium metabisulphite or sodium metabisulphite as a preservative for 
the stock solution of a developer. 

j. Sodium carbonate.—Sodium carbonate (monohydrated) is a white, crystal- 
line, granular powder, odorless and having a strongly alkaline taste. It keeps 
its uniform strength better than any of the other alkaline salts. One gram of 
monohydrated sodium carbonate dissolves in 3 cubie centimeters of water, or 
7 cubie centimeters of glycerin, at 25° C. (77° F.). This chemical is also sol- 
uble in 1.8 cubic centimeters of boiling water, but is insoluble in alcohol. 
Monohydrated sodium carbonate is preferred, due to its excellent keeping quali- 
ties and to the ease with which it can be dissolved. Sodium carbonate is the 
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common alkaii used in developers in which one or more of the four common 
agents is used. It combines freely with the agents and assists in liberating 
the bromine, or chlorine, from silver bromide, or silver chloride. 

Sodium carbonate (desiccated) is a dry, heavy, white powder, which should 
be kept in a dry place. One gram is soluble in 3.2 cubic centimeters of water 
at 25° C. (77° F.). It is insoluble in alcohol, The photographic uses of the 
dry, or desiccated, sodium carbonate are the same as those of the monohydrated 
sodium carbonate. The desiccated is not so convenient for use as the mono- 
hydrated because when water is added, unless it is hot and the monohydrated 
carbonate is stirred rapidly, it will crystallize and become almost insoluble. 
Also the desiccated carbonate, if exposed to air, will absorb moisture there- 
from and its strength will be decreased until it is about that of the mono- 
hydrated carbonate. While the strength of the desiccated is supposed to be 
a little greater than that of the monohydrated salt, as a matter of fact, it is 
rarely found to be much stronger. 

The crystals of sodium carbonate (commonly called sal soda) are trans- 
parent, colorless, and rhombic. In this form the salt effloresces. It is soluble 
in two parts of water and is more soluble in water at 36° C. (97° F.) than it 
is in water at the boiling point. Crystallized sodium carbonate is not desir- 
able because its strength is not uniform and because the crystals dry out under 
normal weather conditions and gain in strength. If, for example, a pound 
of crystals loses its water content until it weighs only 13 ounces, the strength 
of the 13 ounces is increased proportionately. If exposed to moisture and heat, 
the crystals melt or liquefy, and, once liquefied, the strength of the solution 
increases rapidly, as the water evaporates very quickly from the watery solu- 
tion. If the monohydrated or desiccated sodium carbonate is not available 
and development has to be done with crystallized carbonate, allowance must 
be made for unevenness in strength—the greater the evaporation, the smaller 
the amount of the crystal required. The purity of crystallized carbonate is 
satisfactory for photographic use. 

k. Sodium hydrogvide (caustic soda, or sodium hydrate) and potassium 
hydroxide (caustic potash, or potassium hydrate).—The sodium and potassium 
hydroxides are strongly alkaline. The potassium salt is the stronger of the 
two. Since both absorb water very rapidly, and this absorption causes a white 
ash to form on the stick, it is necessary to scrape away or remove this crust 
before weighing the caustic soda. Care must be exercised in handling these 
caustics, as they will attack the skin and will burn it quickly. Never handle 
them with bare hands, especially if the fingers are at all moist. While these 
chemicals dissolve readily enough in water, it is important to remember that 
when they are dissolved, the solution should be well stirred each time before 
use, as the dissolved hydroxide is heavy and settles to the bottom of the con- 
tainer, The strength of caustic soda varies, but always much less of it is 
required than of sodium carbonate. 

l. Potassium carbonate.—Potassium carbonate comes in the same form as 
sodium carbonate, but is slightly more soluble in water than is sodium car- 
bonate and is a little stronger alkali. The photographic uses of both potas- 
‘ium and sodium carbonates are the same. However, as the potassium salt 
is more expensive than the sodium, it is seldom used. 

m. Sodium sulphite—Desicceated or exsiccated sodium sulphite occurs as a 
White odorless powder, with a cool, saline, sulphurous taste. It should always 
be kept in well-stoppered bottles or tightly covered tin containers. One gram 


131 


TM 2170-5 
190 AIR CORPS 


of desiccated sodium sulphite dissolves in 3.2 cubic centimeters of water at a 
temperature of 25° C. (77° F.). It is but slightly soluble in alcohol. Sodium 
sulphite is used in photography as a preservative in developers; and since it 
takes up oxygen rapidly, it is also used in flxing baths as a preservative. It 
is very difficult to determine from the appearance of sodium sulphite whether 
it is fresh or old, and consequently great care should be exercised in the proper 
storing of the chemical. Unless properly stored sodium sulphite readily 
oxidizes into sodium sulphate, which is valueless in photography. 

The solubility and photographic uses of anhydrous sodium sulphite are nearly 
the same as those described for the desiccated or exsiccated salt. Anhydrous 
sulphite, however, is about 3 per cent stronger than desiccated sulphite. 

Crystalline sodium sulphite occurs in colorless, transparent, monoclinic prisms, 
efficrescent in dry air and inodorous. It is soluble in two parts of water and 
also soluble in alcohol. The photographic uses of the crystallized salt are the 
Same as those described for the dry or desiccated sodium sulphite. The dry 
salt, however, is about twice as strong as the crystallized. As the crystals of 
sodium sulphite are efflorescent and are readily oxidized to sodium sulphate 
(which is valueless in photography) this form of sodium sulphite is the least 
desirable for photographic purposes. 

n. Potassium bromide.—Potassium bromide comes in colorless or white tubu- 
lar crystals, or as a white granular powder, odorless, and having a strong 
saline taste. It is permanent in the air. One gram of potassium bromide will 
dissolve in 1.5 cubic centimeters of water or in about 250 cubic centimeters of 
alcohol, or in 4.6 cubie centimeters of glycerin, at 25° C. (77° F.). Potassium 
bromide is used in photography as a restrainer, and its action has been 
explained in paragraph 186. 

0. Potassium iodide.—Potassium iodide occurs in cubical crystals which are 
either transparent and colorless or opaque and white, or as a white granular 
powder, having at first a pungent, saline, but afterwards a bitter taste. It is 
permanent in dry air and but slightly deliquescent in moist air. One gram of 
potassium iodide dissolves in 0.7 cubic centimeter of water, or in 22 cubic 
centimeters of alcohol or in 2 cubic centimeters of glycerin at 25° C. (77° F.). 
Potassium iodide ts used as a restrainer in photographic developers when other 
restrainers such as potassium bromide fail. It is a more active restrainer 
than potassium bromide and when used with old photographic paper it will 
keep the margins clean at times when potassium bromide fails. A_ little 
potassium iodide is used in the manufacture of the most light-sensitive plates 
and films. It can not be used alone in plate or film making because of the 
excessive sensitiveness of the silver salt it produces. For convenience, potas- 
sium iodide is usually used in a 10 per cent solution. 

p. Sodium chloride.——Ordinary table salt is a fair example of sodium chloride. 
Any good, clean table salt is pure enough for photographic use. It is soluble 
in water to a 35 per cent solution at 25° C. (77° F.). Heat has little effect on 
its solubility. In photography it is used in the manufacture of the slower 
photographic emulsions with which developing out papers such as Velox and 
Azo paper are coated. Its action as a restrainer in development has been men- 
tioned in paragraph 186. In many localities a considerable amount of sodium 
chloride is present in the water as it comes from the faucet. Such water also 
contains usually a large amount of alkali, and when water of this kind is used in 
the preparation of a developer allowance must be made for the salt and alkali 
content by reducing the amount of potassium bromide and the sodium carbon- 
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ate. Sodium chloride is used in some types of water softeners. The kind of 
salt that is cheap and satisfactory for this purpose is known commercially as 
“meat salt.” 

q. Alcohol—Wood, grain, and denatured alcohol are used in photographic 
work. Wood alcohol, Known chemically as methyl alcohol, is poisonous and in- 
flammable and prolonged exposure of the eyes to its fumes is injurious to eye- 
sight. It should be a clear, transparent liquid, containing not over 1 or 2 
per cent of water. It should be stored in well-stoppered bottles or tightly 
covered containers, as it not only absorbs water from the air but evaporates. 
It ts used in highly concentrated developers containing hydroquinone and 
metol or elon to prevent these developing agents from crystallizing out in 
the solution when it is cool. (See par. 189.) Pure grain or denatured grain 
aleohol may also be used for thiS purpose. Wood alcohol is often employed 
as the fuel in some types of lamps or heaters. When a formula calls for wood 
aleohol, do not substitute denatured grain alcohol. Grain alcohol is known 
chemically as ethyl alcohol. Since the passage of the prohibition or anti- 
liquor laws in this country it can be legally obtained pure only for certain 
recognized purposes and upon compliance with Government regulations. How- 
ever, grain alcohol iS denatured by the addition to it of a chemical content 
that makes it extremely poisonous to drink but leaves it suitable for most 
technical and industrial purposes, including photographie work. But in some 
photographie processes requiring pure grain alcohol denatured grain alcohol 
can not be substituted because the chemicals used in the denaturing process 
make it unsuitable. Due to the affinity of grain alcohol for water and the 
rapidity of its evaporation, it is used extensively for the quick drying of 
prints and negatives. It must be kept in well-stoppered bottles or tightly 
closed containers. 

191. Preparation of solutions of potassium bromide.—In paragraph 1S7 
reference was made to the use of a separate solution of potassium bromide 
in developing. This solution may be either a 10 per cent or a saturated one. 
The former is prepared by dissolving 


Potassium bromide (granular) average____-____ 1 ounce. 
DY WT a a onl 91% fluid ounces. 


To prepare a saturated solution of potassium bromide (or any other salt 
Soluble in water) first ascertain from the detailed description of the chemical, 
aS given in paragraph 190, the percentage or proportion of the chemical that 
is soluble at ordinary temperature in a given quantity of water, take that 
quantity or a fraction or multiple of it and add to it slightly more of the pro- 
portion of the chemical than will dissolve in the water, and after stirring 
and allowing sufficient time for as much of the chemical to dissolve as will 
dissolve the solution may be regarded as saturated, especially if particles 
of the chemical remain undissolved in the bottom of the bottle or 
container. The presence of these particles, after several days have been 
allowed for the dissolving, insures that the solution is saturated. Owing to 
the great strength of a saturated solution of potassium bromide, great care 
must be uSed to measure it accurately when adding it to the developer. The 
Solution is always added in drops, and therefore it is customary to keep the 
Saturated solution in a small large-mouthed bottle, through the cork of which 
an eye dropper is neatly mounted. 
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192. The purpose of the rinsing bath.—As already explained, the developer 
is not merely a solution of the developing agent. There are other chemicals 
in the solution, and one of these is an alkali which is capable of neutralizing 
an acid. As there is an acid in the fixing bath which should not be neutralized, 
the negative or print is rinsed in water after development in order to wash 
away the remains of the developer, particularly this alkali in it. 

193. What the fixing bath does.—After the development of a negative or 
print, there remain in the coating grains of the silver compound which were 
not affected by the light during the exposure. These layers of silver grains 
are quite superfluous, and are removed from the negative or print by fixation 
and final washing. In the fixing bath there is a salt known as “hyposulphite 
of soda,” commonly called “ hypo,” which has the power to dissolve out these 
useless silver grains, and this it does by combining with them to form a com- 
pound known as sodium silver thiosulphate. This is colorless; and if the fix- 
ing bath is fresh or sufficiently strong, this new silver compound formed will 
be soluble in water and can be washed out of the gelatin coating by sufficient 
final washing. The action of the fixing bath can be best seen in negative mak- 
ing. When the fixing bath begins to act the gradual disappearance of the cloudy 
or milky layer of the original emulsion consisting of the surplus silver 
grains will be observed. This milkiness will entirely disappear in the fixing 
bath and the negative will become transparent. At this point there is complete 
conversion of the superfluous silver bromide grains to the sodium silver thio- 
sulphate mentioned. At this stage, however, this thiosulphate is not 
thoroughly soluble in water and can not be effectively removed from the 
gelatin layer by a reasonable amount of washing. Therefore fixation should 
be allowed to continue for at least twice the length of time that it has taken 
the remnant of the unexposed emulsion to disappear, so that a soluble sodium 
silver thiosulphate may be formed which can be effectively removed from the 
gelatin layer by sufficient washing. Complete fixation and final washing are 
necessary to the preservation of the negative. 

194. The composition of a fixing bath.—a. It has been stated that hyposul- 
phite of soda, usually called * hypo” by photographers and sodium thiosulphate 
by chemists, has the power to assist in the removal of the silver bromide or 
silver chloride grains not used in the recording of the photographic image. 
While a simple solution of this chemical in water will accomplish this, a fixing 
bath in which other chemicals have been added will prevent troubles that 
might otherwise arise during the process of fixation, and therefore to a definite 
quantity of a plain solution of hypo a certain amount of a solution called an 
“acid hardener” is added. This acid hardener is made of acetic acid, white 
or potassium alum, and sodium sulphite dissolved in water. The purpose and 
action of these ingredients of the acid hardener will be explained. 

b. When the negative or positive image has sufficiently developed it is neces- 
sary to stop development promptly, and therefore after taking the negative 
or print from the developer it is rinsed. This rinsing, however, is never suff- 
ciently long to stop development instantly, due to the fact that some little 
developer remains in the pores of the gelatin coating. Acet’c acid, therefore, is 
a coniponent of the acid hardener because it will immediately neutralize the 
alkali in the developer; and havinz done this, the developer will cease to work. 
This immediate stopping of development eliminates stains that would other- 
wise appear on prints, especially when only a plain solution of hypo is used. 
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c. The alkali in a developer, which, as already explained, is necessary to 
energize the developing agent, also softens the gelatine of the emulsion, and 
therefore wh‘te or potassium alum is used in the acid hardener to harden the 
emulsion which has been softened in the developer. 

d. While white or potassium alum is most frequently used as the hardener, 
it has only a limited hardening action on the gelatin, and under some condi- 
tions the amount of hardening effected would not be sufficient to prevent the 
gelatin from softening in atmospheres or solutions at high temperature which 
can not be lowered, as is the case in tropical climates. Chrome alum has a 
greater hardening action on gelatin than potassium alum, and formalin or 
formaldehyde has the power of making the gelatin even harder than chrome 
alum. Hardeners made of these chemicals are used when potassium alum is 
impracticable. 

e. Sodium sulphite is included in the acid hardener in order to keep down the 
amount of oxidation occuring during fixing. As already stated, an appreciable 
amount of developer is usually carried over into the fixing bath on the sur- 
faces of the negatives or prints, and this soon oxidizes in the bath, turning it 
brown and staining the negatives or prints. In order to prevent this, the 
hardening solution has sodium sulphite added to it as a preservative against 
oxidation, and the preservative action is, of course, greater if the bath is kept 
in a slightly acid state. 

195. Preparation of a plain fixing bath.—a. The following is the formula 
for a simple solution of sodium hyposulphite suitable for fixation: 


Plain hypo firing bath 


Hypo (crystals) __._-_---- 16 ounces (average) —___-- 1 kilogram. 
W ater (02s as 64 ounces ________-__ 4 liters. 


- (Hydrometer test should be 68 when solution is at 65° F.) 


Directions: The stock solution of hypo must be made according to a hy- 
drometer test. Wash the barrel or other container for hypo solution thoroughly 
each time before making up a fresh solution in it. Suspend the hypo in a mus- 
lin bag in about three-fourths of the required amount of water. When dis- 
solved add water to the solution until the hydrometer reading is 68 when the 
solution is at 65° F. This will be approximately a 33 per cent solution. 

b. It is easily seen that the hydrometer method of mixing hypo effects 
a saving in time, as hypo in any quantity may be poured into a barrel or 
other container and the water added until the desired strength is obtained. 
If left standing without stirring, the hypo, while it will not easily crystallize 
out on the bottom, will settle until the bottom of the barrel will contain more 
hypo or be heavier and have a higher hydrometer reading than that in the upper 
part of the barrel. It is necessary, therefore, that the stock solution of 
hypo be stirred and tested with a hydrometer before adding the hardener 
to small quantities of it when preparing an acid fixing bath. (See par. 197.) 
The mistake should not be made of thinking that a hydrometer reading above 
68 w:ll fix plates or film faster than the correct reading. In reality a saturated 
solution of hypo will not remove silver from a plate as quickly as a solution 
testing 68. In testing hypo with the hydrometer note the temperature care- 
fully, as temperature has a considerable effect on hydrometer readings. It is 
necessary to wash the hypo container thoroughly each time before making 
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a new solution, because if any of the old solution is left a funguslike growth 
will form (particularly in summer weather) as a scum on the solution. This 
growth does not uccumulate from the bottom of the barrel, but usually from 
the sides and from the lid. If hypo has to be kept in an extremely warm 
climate, it is best to cover the lid with some kind of metal, such as lead, 
that will not be affected by the hypo and which is not porous. Coating the 
covers of the containers with hot paraffin is helpful. When purchased in kegs, 
hypo is never free from splinters and a certain amount of dirt and trash. 
For that reason it is much better to use a muslin bag to dissolve the hypo, 
as by so doing the trush is prevented from entering the solution. If at any time 
it becomes necessary to prepare a small amount of hypo solution, it can be 
easily remembered that the requisite strength is 1 pound of hypo to 4 pounds 
(4 pints) of water. This will be an approximate 35 per cent solution, which 
is correct strength for rapid fixing. 

c. Hypo should not be mixed in larger quantities than can be used within 
a week; and if the weather is extremely warm, it is best not to mix at one 
time as much as a supply for a week. When ice is not available hypo can be 
mixed fresh and the hardener added immediately; and as the dissolving of 
the hypo crystals lowers the temperature of water several degrees, a fixing 
bath at the required temperature may thus be obtained without the use of ice. 

196. Preparation of an acid hardener for the fixing bath.—a. The following 
formula is used in preparing the acid hardener, which must be added to the 
plain hypo solution when making up an acid fixing bath: 


Acid hardener 


Pint Quart Gallon 10 gallons Liter 
WO8ter 2.0 ee ee 8 ounces_-_-__- 16 ounces___.| 64 ounces___-| 5 gallons___.| 500 cubic cen- 
timeters. 
Sodium sulphite (desiccated) -_| 2 ounces.---- 4 ounces... _. 1 pound...-- 10 pounds..-| 125 grams. 
Acetic acid (28 per cent)_.----- 6 ounces..__- 12 ounces._._| 48 ounces....| 3384 gallons -- a ae cen- 
imeters. 
Alum (powdered) -----.------- 2 ounces..-.- 4 ounces... -- 1 pound.---- 10 pounds. ..| 125 grams. 
Water to__._..---------------- 16 ounces_...| 32 ounces__..} 128 ounces_.-| 10 gallons---| 1 liter. 


Directions: Heat the water to 100° F. and dissolve the sodium sulphite 
in it. When thoroughly dissolved add the acetic acid slowly, but stirring con- 
tinually while adding the acid. When dissolved, immediately add the alum 
before the solution has cooled. Water is then added to bring the solution up 
to the required amount. If the acid hardener contains insufficient acid, a 
precipitation (aluminum sulphite) will result. To correct this, a small quantity 
of the solution may be placed in a graduate and sufficient acid added to clear 
the hardener. The amount of acid added to the test solution is noted and a 
proportional quantity should be added to the stock solution. If when added 
to the plain hypo solution the acid hardener turns it milky, there is either 
insufficient sulphite or an excess of acid in the hardener. 

b. It is very difficult to mix the acid hardener correctly because— 

(1) It is very nearly a saturated solution. 

(2) The solubility of sodium sulphite and potassium alum is affected greatly 
by the temperature of the water in which they are dissolved. 

(3) If not mixed strictly as directed a chemical action takes place that wil! 
cause the solution to precipitate when cooled, and once it has settled to the bot- 
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tom it becomes almost insoluble in water. When the acid hardener is cor- 
rectly mixed all ingredients are thoroughly dissolved, and although the color 
of it will at first be slightly yellow, this will disappear after the solution has 
set for some time. 

197. Preparation of an acid fixing bath.—a. The following formula is used 
in preparing the acid fixing bath: 


Acid fixing bath (cold weather use) 


Plain hypo fixing bath (as given in par. 195)_---_----- 16 parts. 
Acid hardener (as given in par. 196) _--_--_______-____ 1 part. 


Directions: Pour acid hardener slowly into the plain hypo fixing bath while 
stirring the latter rapidly. This formula is for cold-weather use only. Due 
to the fact that photographic emulsions swell in warm weather, an acid fixing 
bath with a greater proportion of hardener is used in summer than in winter. 
In mixing the hardener with the plain fixing bath it is essential that the 
fixing bath be thoroughly stirred while adding the hardener. If it is not 
thoroughly stirred or the hypo is added to the acid bath, instead of the 
hardener to the hypo, sulphur will be liberated and an action called sulphuriza- 
tion will result; that is, the bath will turn milky and become unfit for use. 
While the milky hypo bath will, if given time, fix plates or paper until the 
plates become transparent and the paper appears to be fixed, it will never in 
fact properly fix them, and such plates when exposed to light and air later 
will show stain or else a metalliclike sheen. 

b. The following proportions of the plain hypo solution and acid hardener are 
used during warm weather: 


Acid fixing bath (warm-weather use) 


Plain hypo fixing bath (as given in par. 195) __________ 8 parts. 
Acid hardener (as given in par. 196)__________________ 1 part. 


Directions: Pour acid hardener slowly into the plain hypo fixing bath, while 
stirring the latter rapidly. This bath is for summer use or where the tem- 
perature of the fixing bath is above 60° F. If prints are allowed to remain in 
a fixing bath for too long a period, they will be hardened unduly and will 
crack when removed from the ferrotype. If prints are to be dried on a machine 
such as the Pako Dryer, it is essential that this formula be used, both in winter 
and in summer, as the emulsion must be unusually well hardened to prevent the 
prints from sticking to the drying drum of the machine. 

198. The chemicals used in fixing.—a. The chemicals used in preparing a2 
plain and an acid fixing bath are as follows: 


Fixing bath: Sodium hyposulphite (hypo). 
Acid hardener (developer neutralizer) : 
Acetic acid. 
Citric acid. 
Sodium sulphite. 
Sulphuric acid. 
Gelatin hardener: 
Potassium alum (white). 
Chrome alum. 
Formaldehyde (formalin). 
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b. Sodium hyposulphite (sodium thiosulphate), hypo—Sodium hyposulphite 
comes in colorless, transparent, monoclinic prismatic crystals which are odor- 
less and have a cooling but afterwards bitter taste. In order to keep it for 
any great length of time, it should be placed in an air-tight container, but 
it will keep for almost a year in kegs or barrels if kept in a cool dry place. 
It effloresces in dry air above 91° F., but slightly deliquesces in moist air. 
One gram of sodium thiosulphite dissolves in 0.5 cubic centimeter of water 
at 25° C. (77° F.). At 40° F. 1 gram will dissolve in 0.8 cubic centimeter of 
water. Hypo is used in photography to dissolve silver bromide or silver 
chloride, and consequently it is used as a fixing medium for plates, paper. 
and film. It usually comes pure enough in any form for photographic use. 
Foreign matter such as dirt, bits of wood, straw, ete., are generally present, 
due to the cheapness of the chemical and the large quantities in which it is 
manufactured and shipped. It rarely ever contains anything injurious to 
photographic processes. It is sometimes supplied in granular form, and due 
to the smallness of the crystals when in this form it readily dissolves in water. 
A hypo solution fixes plates, films, or paper perfectly as long as there is not 
more than 3 per cent of silver bromide or chloride present in the fixing bath. 
When more than this amount is present, plates will be fogged and paper 
stained. Hypo is also used in connection with potassium ferricyanide for 
reducing negatives. (See pars. 200 and 201.) 

c. Acetic acid, glacial (slightly poisonous).—Glacial acetic acid is a clear, 
colorless liquid with a vinegarlike odor and a very pungent, acid taste. It 
is miscible with water or alcohol. Its specific gravity is 1.047 to 1.050 at 
25° C. (77° F.) and its congealing point not below 14.5° C. (58.1° F.). Glacial 
acetic acid is commonly called “ pure’; that is, it contains not less than 98.9 
per cent by weight of hydrogen acetate. By diluting with distilled water 
different strengths may be made, or in the process of manufacture the pure 
is sometimes not made but a weaker solution of acetic acid obtained. Acetic 
acid is generally bought and sold in the following strengths: Glacial, 98.9 
per cent pure, and commercial, 28 per cent. The commercial, or 28 per cent 
solution, is sometimes known as “ acetic acid No. 8.” Not infrequently acetic 
acid is to be had that is twice the strength of the commercial, or a 56 per 
cent solution. The bottles containing the acid should be kept tightly corked 
with glass stoppers to preserve the constant strength of the solution and 
correctly labeled. This is necessary because the specific gravity of the acid is 
not always an accurate test of its strength. Photographically, acetic acid 
is used almost wholly for the acidifying of fixing baths. It is the commonest 
of all acids for that purpose. Any strength may be used if proper allowance 
therefor is made. The 28 per cent solution is sometimes added to the rinsing 
bath when developing prints in the proportion of 1 part acid to 32 parts 
water. When this is done the bath is commonly called a “short stop,” be 
cause it immediately counteracts the action of the alkali in the developer. 
The 28 per cent solution may be slightly yellowish in color, but this does 
not impair its usefulness as a photographic chemical. If glacial acetic acid 
is the only strength available and the storage room is cold enough in winter 
to make the acid congeal, the time required to “thaw” the congealed acid 
can be saved by using a stock solution of dilute acid, made previously by 
diluting the glacial acid to the strength of acetic acid usually used. Such a 
stock solution will not congeal. The different strengths of acetic acid may 
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be substituted for one another if their relative acidities are taken into ac- 
ccunt. Multiply the per cent of the acid called for by the number of ounces 
called for and divide by the per cent of the acid to be substituted. The 
answer Will be the number of ounces of the acid to be substituted. 

d. Citric acid—Citric acid is obtained in colorless, translucent, right- 
rhombish crystals, or is a white powder, odorless and having an acid taste. 
It is efflorescent in warm air. One gram of citric acid is soluble in 0.5 cubic 
centimeter of water at 25° C. (77° F.). It dissolves equally well in hot or 
cold water. Citric acid is sometimes but rarely used in fixing baths. More 
commonly it is used to neutralize developers slightly in order to obtain less 
stain in negatives or positives. It is usually called for in lantern slide and 
motion picture positive formulas. A small quantity only is necessary; a great 
quantity is injurious to development. When used in this manner it eliminates 
to a great extent an acidified sulphite or potassium metabisulphite. Very 
clear and clean shadows may be obtained by its use in a developer. 

e. Sodium sulphite—Sodium sulphite has been described in paragraph 190 m. 

f. Sulphuric acid (poison).—Always keep sulphuric acid in glass-stoppered 
bottles. It is sometimes called oil of vitriol. It is a colorless, inodorous liquid 
of oily appearance and strongly corrosive. On living tissues such as hands, 
face, ete., it is a powerful caustic. It unites with water in all proportions, and 
much heat is evolved in the mixing of the two fluids. When pure and as 
highly concentrated as possible its specific gravity is 1.840. Usually, how- 
ever, its specific gravity is about 1.8342. It is sometimes used to acidify chrome 
alum fixing baths, and from it also numerous cleaning solutions are made. 

g. Potassium (white) alum.—Potassium alum occurs in large, colorless crys- 
tals, erystalline fragments, or as a white powder. It is odorless and has a 
strongly astringent taste. It keeps well. One gram of potassium alum, if pure, 
dissolves in 7.2 cubic centimeters of water at 25° C. (77° F.) or in 0.3 cubic 
centimeter of boiling water. It is insoluble in alcohol, but it is freely soluble 
in glycerin. Alum is used in photography for hardening the photographic emul- 
sion, and sometimes in photographic work in the field for clarifying wash 
water. If often contains impurities which are injurious to photographic proc- 
esses, such as iron, which at times occurs in as large a proportion as seven 
parts of iron to the thousand. A simple test for iron is to add a few drops 
of potassium ferricyanide to a solution of the suspected alum. If iron is 
present, the liquid will change to a greenish-blue tint. Due to the fact that 
alum is incompatible with carbonates or any alkali, it must never be present in 
a developing solution. If plates require hardening during development, for- 
maldehyde should be used. Ammonium alum may be substituted for potas- 
sium alum with the same results, but it is more difficult to dissolve, and con- 
Sequently it is not so desirable for photographie use. Exsiccated or dry alum 
occurs in the form of either ammonium alum or potassium alum. It is a 
white powder without odor, but with a strongly astringent taste, and attracts 
moisture on exposure to air. One gram of dry potassium or ammonium alum 
dissolves in 20 cubic centimeters of water at 25° CGC. (77° F.). Dry alum is 
listed because it may be furnished at some time inadvertently for photographic 
purposes. It is satisfactory for such use, but it is very difficult to dissolve, 
even more difficult than metol. While its solubility is given as 1 to 20, if 
an attempt is made to dissolve it in this proportion there will be a sediment 
at the bottom of the container and the water must be heated or increased 
in quantity to effect complete solution. 
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h. Alum, chrome.—Chrome alum comes in large, greenish-blue crystals that 
gradually dry to a color a little lighter than the original and with age show 
a powdery deposit on the outside. It is more soluble than potassium, sodium, 
or ammonium alum and can be readily dissolved in cold water. When so 
dissolved the solution will be violet in color, but in warm water, however, it will 
be green. Chrome alum is really not an alum at all, but is a compound sulphate 
or potassium sulphate or ammonium sulphate with chromium sulphate. In photog- 
raphy it is sometimes used instead of white alum in fixing baths for negatives only. 
It has a greater hardening power on films or plates than the white alum. The 
objection to the use of chrome alum is its dark color in the fixing bath. Chrome 
alum and sodium alum form an excellent fixing bath without the use of any 
acid. In tropical climates chrome alum is superior to potassium or ammonium 
alum, as with it the gelatin can be made almost flintlike in hardness. 

i. Formaldehyde (correct name, “solution of formaldehyde,’ formalin) 
(poisonous, inflammable) .—Formaldehyde is a clear, colorless, or neariy color- 
less, liquid having a pungent odor and a caustic taste. Its vapor acts as an irri- 
tant on mucous membrane. It is miscible with water or aleohol. Commercial 
formaldehyde is usually a 37 per cent solution. A 50 per cent solution may be 
obtained, but it is not permanent. In photography its use is that of a hardener 
for gelatin, especially when working under tropical conditions. It is germicidal 
and antiseptic. The use of it in tropical climates not only hardens the emulsion, 
but kills bacteria that may accumulate and multiply in gelatin, which proves to 
be an excellent culture for bacteria. In some cases it is used to preserve cer- 
tain solutions. 

199. Why prolonged final washing of negatives and prints is necessary.— 
a. The final washing of photographic negatives and prints is necessary not only 
to remove from the gelatin coating the sodium silver thiosulphate mentioned 
in paragraph 193 but also to rid the emulsion of all remains of the fixing bath. 
The washing must be thorough and complete to insure the preservation of the 
negative or print. If chemicals are allowed to remain in the gelatin layer after 
the completion of fixation and the negative or print is dried, these chemicals 
will in time change (or destroy for photographic purposes) the metallic silver 
image. It should be remembered that gelatin is like a sponge and that the 
gelatin layer is really the network of a sponge. The washing must be con- 
tinued for such a length of time and done in such a way that the chemicals | 
in this spongy network will diffuse out. This requires a sufficient length of time, 
proper regulation of the flow of water, and having the negative or print in 
proper position during washing. The ideal is attained when fresh water con- 
tinues to flow through this network, carrying with it as it goes the chemicals 
left in the gelatin layer at the conclusion of fixation. Washing is not effective 
if the gelatin layer of the plate or print is not constantly encountering fresh 
water. 

b. Placing a negative or print in a tray under a faucet and allowing fresh 
water to flow from the faucet into the tray is not effective washing, as there 
will be layers of water close to the surface of the negative or print which will 
hardly ever change, for the fresh water as it falls into the tray from the 
faucet will never flow much below the surface of the water already in the 
tray, but will run over the sides almost as quickly as it enters. The negatives, 
or prints, will therefore lie soaking in a pool of fairly strong hypo solution, 
which, being much heavier than water, will tend to remain at the bottom of the 
tray. Whenever it is desired to wash properly and in the quickest manner, 
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the washing tanks should be arranged so that the water will be completely and 
constantly changing and the prints or negatives are being subjected continuously 
to a flow of fresh water. If water is expensive, and it is therefore necessary 
to economize in its use, the most effective way is to use successive changes of 
small quantities of water, putting the negatives or prints first in one tray, leav- 
ing them there for five or six minutes, and then transferring them to a fresh 
supply of water in another tray, repeating these operations until they are 
thoroughly washed. Six changes of five minutes each should be sufficient to 
eliminate the hypo from any material. It should be realized that a negative 
or print is simply glass, celluloid, or paper upon which there is a layer of gela- 
tin and in this layer is embedded a myriad of minute grains of black metallic 
silver so distributed as to form a negative image in the case of a negative and 
a positive image in the case of a print. The purpose of the gelatin layer is 
merely to hold these fine grains in position and the negative or print that will 
not deteriorate is the one in which this gelatin layer contains only pure black 
metallic silver and in which there is not left by faulty fixing or incomplete 
washing chemicals that will in time destroy the silver image as far as its value 
as a negative or print is concerned. 

200. The reduction of negatives.—The reduction of negatives means the 
reduction of their density, which is accomplished by the removal of some of 
the silver grains forming the image, the result being a less intense image. An 
overexposed negative will be too dense all over, and the purpose of reduction is 
the removal of the excess density. With the reducer a layer of silver is removed 
from the whole negative; that is, a definite thickness of silver is subtracted. 
The effect is to reduce the shadows more than the high lights, so that if reduc- 
tion is carried too far all shadow detail will disappear. The reducer is then 
said to “cut” the negative. The best reducer of this type is known us Farmer’s 
reducer. The use of this reducer constitutes a valuable method for dealing 
with overexposed, foggy, or veiled negatives, since it increases contrasts as it 
reduces density. It is also useful for negatives of black and white drawings, 
Where clear lines on a dense ground are sought. 

201. Preparation of Farmer’s reducer.—a. The following is the formula for 
the Farmer’s reducer referred to in paragraph 200: 


Farmer’s reducer 
SOLUTION A 


Potassium ferricyanide (granular) ~___..--___________ % ounce. 
WAtGr UO ee ee ee 10 ounces. 


SOLUTION B 


Sodium hyposulphite (crystals) --._--____-_--_-__________ 2 ounces. 
WALGER TOscueuee oe oe et a Set 10 ounces. 


Directions: When ready to reduce add sufficient of solution A to solution B 
to make a lemon-colored working solution. 

b. It is important that some hypo be present in a negative or print before 
reduction will take place. Potassium ferricyanide when used alone will reduce 
So Slowly that it will leave a stain in the negative. It is much better to reduce 
a hegative before it has been washed than afterward, because if taken at this 
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time it is thoroughly saturated with the hypo. Keep in mind the fact that acid 
will slow down the reduction and that neither a print nor a negative should 
be taken from the acid hypo and placed in the ferricyanide solution without 
first rinsing to remove the surplus acid. 

202. The chemicals used in reducing.—a. The chemical compounds used in 
the preparation of Farmer’s reducer for the reduction of negative or lantern- 
slide density constitute sodium hyposulphite described in paragraph 198 6 and 
potassium ferricyanide. 

b. Potassium ferricyanide (red prussiate of potash).—Potassium ferricyanide 
is ordinarily a red crystalline solid, although it is sometimes furnished pulver- 
ized. One gram is soluble in 3 cubic centimeters of water at 25° C. (77° F.). 
An aqueous solution which is yellow does not keep well. It is used exclusively 
as a reducer for negatives. It is not so deadly a poison as is sometimes thought. 
If the potassium ferricyanide is pure there is little danger of poisoning from 
its use, although it is prudent with any kind of ferricyanide to be careful in 
its use; avoid keeping hands saturated with it or otherwise running any risk 
of getting it in the mouth. 

203. The sepia toning of bromide paper by redevelopment.—The redevel- 
opment of a black-and-white print or enlargement on bromide paper (not 
contact printing paper) into a sepia-and-white print is accomplished by the 
use, first, of a bleacher, then of a redeveloper, followed by a hardener. 

204. Preparation of the bleacher (sepia toning).—The formula for the 
bleacher is as follows: 


Sepia toning (bleacher)—stock solution 


Potassium ferricyanide (granular) ~~ ._-__.-_-_--____~ 1 ounce. 

Potassium bromide (granular) —~-_-------_--__--_-_-- Do. 

WY QGP 2.22. oes ee eee Se ee ea a ee eee 24 ounces 
For use 

SCOCK “SOlWUION 2 Soo ac ie oe eo eee 1 part 

W) Q0Ch oe sees eee eee ee Se hee ee eee Do 


205. Preparation of the redeveloper (sepia toning).—The formula for the 
redeveloper is as follows: 


Sepia toning (redeveloper) stock solution 


Sodium sulphide (not sulphite)_..____-_______________ 1 ounce. 
W BOT ee es oh oe eg See ee Se 12 ounces. 
For use 
BLOCK: SOMICION 25255555 i ee Seg te 1 part 
Walelp oo. cece Se boson Soo ee ek 8 parts 


206. Preparation of the hardener (sepia toning).—The formula for the 
hardener used in sepia toning by redevelopment is as follows: 
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Sepia toning (hardener)—stock solution 


WY UOT re eee ee ete 5 ounces. 
Sodium sulphite (desiccated) ~__.__________---_-_-_---- 1 ounce. 
Acetic acid (28 per cent) ~------_-_____--_-__------- 3 ounces. 
Alum, powdered_____-_--------__-~--_---------------- 1 ounce. 


Directions: Dissolve alum, then add acid slowly while stirring the solution, 
and finally add the sulphite, stirring the solution until it is dissolved. 


For use 


Stock solntions.2222602 4.22 < 5523s) cee oes 1 part. 
WUC ij a ee ee ee ees 16 parts. 


207. The chemicals used in sepia toning by redevelopment.—a. The chemi- 
cals used in the sepia toning of bromide paper by the redevelopment are as 
follows: 

Bleacher : 

Potassium ferricyanide (described in par. 202 b). 

Potassium bromide (described in par. 190 n). 
Redeveloper: Sodium sulphide (described in b below). 
Hardener : 

Sodium sulphite (described in par. 190 m). 

Acetic acid (described in par. 198 c). 

Alum (described in par. 198 g). 

b. Sodium sulphide—Sodium sulphide occurs in white transparent crystals. 
It should be kept in the original bottle and when opened the entire contents 
should be made into a stock solution as the crystals quickly deliquesce. This 
chemical may be had also in the fused form; that is, of approximately three 
times the strength of the crystal. Both kinds keep poorly and immediately 
upon being opened should be made into stock solutions. If large quantities are 
hot used, it is best to obtain the salt in small-size units; for instance, 1-ounce 
bottles. One gram is soluble in 10 cubic centimeters of water at 70° F. 
Sodium sulphide should be dissolved in very hot water and the clear sodiuni 
sulphide decanted from the top. It dissolves readily in water. Sodium sul- 
phide is used in toning and redeveloping prints. When used for this purpose 
it gives off a disagreeable odor. If this odor is allowed to permeate any kind 
of sensitized material, it will fog it very quickly and for this reason toning 
with a sulphide solution should never be done in a room where sensitized 
material is stored. Old sodium sulphide may contain sodium thiosulphate or it 
May contain iron. If it contains iron only, the solution may be mixed with 
very hot water and the iron will settle to the bottom as a black precipitate. 
By decanting the clear soluble is available for photographic use. The hypo 
May be eliminated by heating and evaporating all the water from the chem- 
ical by placing it in a porcelain container over a hot burner. It is much bet- 
ter and cheaper, however, to use fresh sulphide of known purity. 

208. Preparation of gum arabic mucilage.—a. The formula used in the 
preparation of the solution of gum arabic which is used as a mountant or ad- 
hesive for prints is as follows: 
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Adhesive 
W AlOl et oo. Seen ete eS ee eect eee 28 ounces. 
SAH CVC ACN se 3 a eh cee 20 grams. 
Gum arabic (gum acacia) _~_~-_-_-_-- eee eee 16 ounces. 
GIN COCTIia os a oe ee eee 2 ounces. 


Directions: It is wasteful of time to prepare small quantities of this ad- 
hesive if it has to be made up frequently, as it requires a day or two to dis- 
solve the gum. In a wide-mouthed container place the required amount of 
water. Dissolve the salicylic acid first. Then add the gum to the water and 
stir frequently until thoroughly dissolved. A better way is to suspend the 
gum in a cheesecloth sack in the water until it is completely dissolved. This 
will require several days. Frequent stirring of the solution is necessary in 
order to keep the gum from congealing in the bottom of the container. The 
gum in the sack should also be stirred. When the gum is completely dis- 
solved add the gylcerin and stir well. Before placing this solution in bottles, 
the bottles should be thoroughly washed and the corks rinsed in a weak s0- 
lution of formaldehyde in order to kill any bacteria or fermentation that may 
be left from the old solutions. 

b. Salicylic acid—Salicylic acid occurs in fine prismatic needles or as a 
bulky crystalline powder, having a sweetish, afterwards acrid taste. It is 
permanent in the air. One gram of salicylic acid dissolves in 460 cubic centi- 
meters of water or 2.7 cubic centimeters of alcohol at 25° C. (77° F.). It is 
occasionally used as a preservative in emulsions and solutions. 

c. Gum arabic (gum acacia).—Gum arabic, or gum acacia, comes in ovoid, 
more or less spheroidal tears or in brown angular fragments from 2 to 30 milli- 
meters in diameters varying from white or yellowish-white to a light amber in 
color, translucent, very brittle; fractured surface, glasslike; sometimes 
iridescent; taste, insipid, mucilaginous. It is insoluble in alcohol; slowly and 
almost completely soluble in twice its weight in water, forming a mucilaginous 
liquid which has a slight characteristic odor and is slightly acid. The liquid 
solution will ferment in time, and there is no way of preventing the fermenta- 
tion without spoiling the solution for photographic purposes. Most chemicals 
that will reduce fermentation increase the amount of mold that will accumu- 
late on the top of the container. Glycerin is used to make the gum solution 
keep better and to prolong the “setting” of the mucilage. The crystal gum 
varies in shade from almcst transparent white to dark red crystals, any of 
which may be pure gum arabic. The variation in color is not an indication 
‘of impurity. It is derived from trees in different localities, which make con- 
siderable difference in color of the refined gum. The darker of the gums get- 
erally makes the more tenacious mucilage, while for fine work the lighter is 
superior because of its transparency. Gum arabic is used in photographic 
processes as the adhesive for mounting aerial photographic mosaic prints and 
for other purposes where a clear, slow-setting mucilage is required. 

d. Glycerin (glycerol).—Glycerin is a clear, colorless liquid of a_ thick, 
sirupy consistency having a slight characteristic odor which is neither harsh 
nor disagreeable. When exposed to air it absorbs moisture. Glycerin is 
miscible with water or alcohol; insoluble in the fixed or volatile oils. It is 
trihydric aleohol and should be preserved in well-closed containers. The 
specific gravity of glycerin is not below 1.249 at 25° C. (77° F.). Glycerin is 
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slightly antiseptic and germicidal, and consequently it is used to preserve 
mucilages, such as a gum arabic solution. It also delays the drying out of 
the mucilage and makes it more suitable for photographic use. <A glycerin 
bath of 1 part glycerin to 40 parts of water is often used to prevent prints or 
film negatives from drying too brittle. 

209. Preparation of the tray cleaner.—a. An excellent solution for cleaning 
photographic trays can be made from the following formula: 


Tray cleaner 


Potassium bichromate (or dichromate), 


PANU Aico ee ee 4 ounces (125 grams). 
Sulphurie acid__________-_-____-_-_ ee. 8 ounces (250 grams). 
IW BGO CO nes oie a eee 32 ounces (1 liter). 


Directions: Dissolve the bichromate in water and add the sulphuric acid 
very Slowly, a little at a time, stirring well and not adding enough at any time 
to overheat the container if it is of glass. 

CAUTION. Under no condition should water ever be added to an acid, but an 
acid slowly poured into water. 

b. Potassium bichromate (potassium dichromate).—Potassium bichromate 
comes in large orange or red, transparent, triclinic prisms or 4-sided tubular 
crystals, odorless and having an acidulous metallic taste. It iS permanent in 
the air. It is soluble in nine parts of water at 25° C. (77° F.) or about 1.5 
parts of boiling water; insoluble in alcohol. Potassium bichromate is used 
extensively in some of the photo mechanical printing processes. 

210. Preparation of rapid drier for prints.—Denatured or grain alcohol, 
undiluted, can be effectively used to speed the drying of negatives and prints 
due to the rapidity with which alcohol evaporates. After completing the final 
washing of the negative or print it is freed as much as possible of surface 
moisture and immersed for about 2 to 5 minutes (depending upon the strength 
of the alcohol) in a bath of undiluted denatured or grain alcohol and then al- 
lowed to dry, which consumes only a few minutes. 

211. Preparation of ferrotype polish.—-a. The following is the formula for 
the polish used on ferrotype plates: 


Ferrotype polish 


Benzol, gasoline or benzine________________ 15 ounces. 
Pa eT a ee a ee eS 150 grains. 


Directions: Pare the wax into shavings and add the shavings to the solvent. 

b. Benzol, gasoline, benzine—Benzol, gasoline, and benzine are three dif- 
ferent gaseous liquids that are used in photography for the same purpose, 
that is, as a solvent for paraffin, a wax. <A solution of the wax in one of 
these liquids is used for cleaning and leaving a fine polish on ferrotype plates 
or glass on which prints are to be ferrotyped. Benzol is a coal-tar product 
Slightly different from benzine and gasoline, which are petroleum products. 
Benzol boils at a temperature of from 174° to 179° F. It congeals (solidifies) 
at from 36° to 41° F. Benzine and gasoline have a much lower boiling point, 
about 113° F., than benzol and neither will freeze. The boiling points are 
given to emphasize the importance of Storing in a cool place, as apy of these 
gaseous liquids become dangerous in open containers. The freezing point, or 
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point where benzol will crystallize, is given because benzol can not be used 
to clean ferrotypes that are very cold. Gasoline or benzine iS much better. 
Benzine and benzol are mislabeled about as many times as they are correctly 
labeled. One can easily distinguish benzol from benzine by placing them where 
the temperature is a little below freezing and noting that benzol will almost 
immediately solidify. 

co. Parafin—In its pure condition paraffin is a white, almost transparent, 
waxy, inodorous substance, harder than tallow, softer than wax, with a specific 
gravity of 0.900. Its melting point is variable, depending upon its origin, and 
ranging between 43° and 65° C., 109.4° and 149° F. It is insoluble in water, 
unaffected by alkalis and chlorine; soluble in alcohol, ether, oil of turpentine. 
olive oil, benzine or gasoline. Paraffin is used photographically to wax ferrotype 
plates, or any highly polished surface on which prints are squeezed in order 
to give them a more glossy surface. It is also used for waterproofing wood 
tanks, wood paddles, etc., which are to be used with developers and similar 
solutions. Paraffin is one of the best substances for coating wood, in order 
to make it impervious to air as well as water. A little melted paraffin poured 
over the cork and neck of a cork-stoppered bottle insures the solution in the 
bottle against oxidation when filled to the top. 

212. Training course.—The design of the training course set forth in the 
paragraph that follows is to prescribe practical exercises that will carry out 
the purpose of this section as stated in paragraph 150. The student will be 
required to obtain a thorough working knowledge of the systems of weights 
and measures and of the use of the apparatus employed in weighing and 
measuring solid and liquid chemicals; in taking temperature, and in making 
hydrometer readings. The student must learn how to prepare simple solutions 
of percentage or saturated strengths; filter solutions; compound the various 
kinds of developers ordinarily used in photography for negatives, papers, and 
lantern slides; and make up plain and acid fixing baths, as well as the solu- 
tions used in reducing negatives and sepia toning bromide paper. The student 
must also learn to prepare gum arabic mucilage, dry prints rapidly, and make 
the polish used on ferrotype tins. 

213. Instruction procedure.—a. Weighing solid chemicals.—(1) Memorize 
the avoirdupois system of weights as given in paragraph 165. 

(2) Adjust studio scales so that pans will exactly balance and pointer on 
beam will center over notch at bottom of frame. 

(3) Weigh 18 grains of sand or some solid substance. 

(4) Weigh 175 grains of sand. 

(5) With larger scales weigh 114 pounds of sand. 

6. Measuring liquids —(1) See paragraph 174. 

(2) Memorize fluid-measure table given in paragraph 166. 

(3) From a labeled stoppered bottle pour 5 ounces of water into a graduate. 

(4) From a labeled stoppered bottle pour 3 drams of water into a graduate. 

(5) See paragraph 162. 

(6) Weigh 1 pound of water and measure the number cf fluid ounces con- 
tained in the pound. 

co. Preparing “ percent’? and “ saturated” solutions.—(1) See, in turn, para- 
graphs 168, 173, 156, 169, 190 n, 163, 191, 198 c, and 172. 

(2) Prepare 10 ounces of a 10 per cent solution of potassium bromide in 4 
bottle. 
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(3) Prepare a saturated solution of potassium bromide. 

(4) See the caution in paragraph 209 a. 

(5) Compute and add the proper quantity of glacial acetic acid to water 
of suitable purity to make 6 ounces of acetic acid No. 8. 

d. Using a thermometer.—(1) See paragraph 176. 

(2) Into a graduate of 32-ounce capacity add 6 ounces of water from faucet 
and take temperature of the water by use of the thermometer. 

(3) Add 5 ounces of hot water or small piece of ice, stir contents of graduate 
and again take temperature. 

e. Using a hydrometer.—(1) See paragraph 177. 

(2) Dissolve 1 ounce of sodium hyposulphite in 4 ounces of water and, when 
completely dissolved, take the hydrometer reading of solution. 

f. Filtering a solution —(1) See paragraph 175. 

(2) Filter the solution of sodium hyposulphite prepared in accordance with 
paragraph 177. 

g. Compounding a formula.—(1) See paragraphs 160 to 163, inclusive, and 
paragraph 171. 

(2) Prepare 6 ounces of the stock solution of the metol-hydroquinone de- 
veloper, as embodied in paragraph 160. 

h. Preparing the developer for cut films and plates (except process films and 
process plates).—(1) See paragraphs 149, 151, 152 to 159, 178 to 187. 

(2) Prepare 16 ounces of the pyro-metol developer according to the formula 
embodied in paragraph 187. 

4. Preparing the developer for process films and process plates—(1) See 
paragraph 188. 

(2) Prepare 1 pint of the developer used for process films and process plates 
according to the formula given in paragraph 188. 

j. Preparing the developer for contact and enlarging papers and lantern 
slides —(1) See paragraphs 189 and 190. 

(2) Prepare 1 pint of the developer whose formula is embodied in para- 
graph 189. 

k. Preparing a plain fixing bath—(1) See paragraphs 193 to 195. 

(2) Prepare 1 pint of a plain solution of sodium hyposulphite according to 
the formula embodied in paragraph 195, making sure that the hydrometer test 
of the solution when at 65° F. is 78. 

lL. Preparing the acid hardener.—(1) See paragraph 196. 

(2) Prepare 10 ounces of the acid hardener, the formula of which is given 
in paragraph 196. 

m., Preparing the acid fixing bath—(1) See paragraph 197 and review 
paragraphs 193 and 194. 

(2) Prepare 1 gallon of an acid fixing bath for cold weather use. 

n. Washing negatives and prints—(1) See paragraph 199. 

(2) Wash in accordance with the instructions contained in paragraph 199 
any plate or film negatives or prints that may require washing. 

0. Reducing negatives—(1) See paragraphs 200 to 202. 

(2) Prepare 16 ounces of Farmer’s reducer. 

p. Sepia toning of bromide paper.—(1) See paragraphs 208 to 207. 

(2) Prepare 16 ounces of each of the baths used in sepia toning by rede- 
velopment. 

(3) State purpose of each bath for sepia toning a bromide print. 
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q. Preparing gum arabic mucilage—(1) See paragraph 208. 

(2) Prepare about 28 ounces of gum arabic mucilage. 

r. Preparing the tray cleaner.—(1) See paragraph 209. 

(2) Prepare 1 pint of the tray cleaner, whose formula is contained in para- 
graph 209. 

(3) Read paragraph 198 f. 

& Drying prints rapidly—(1) See paragraph 210. 

(2) Dry 1 print according to the method described in paragraph 210. 

t. Preparing ferrotype polish—(1) See paragraph 211. 

(2) Prepare 15 ounces of ferrotype polish according to formula contained 
in paragraph 211, 
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214. The importance of negative making.—Negative making is the most 
important step in the production of the photograph. It requires in the first 
instance that the film be correctly exposed and afterward that it be developed 
properly. From the satisfactory negative thus produced it is then possible to 
make any number of good prints. The negative, therefore, is the foundation 
of the photograph and when a good negative has been produced the successful 
completion of the photograph is more than half accomplished. 

215. Exposure as a factor.—a. Exposure and development.—The most impor- 
tant factors governing the production of the negatives are exposure and develop- 
ment. They will be considered in turn. In any photograph there is a repre- 
sentation of the form of an object and of the effect of the light falling upon it. 
This effect is called light and shade. The correct reproduction of the outlines 
of the photographic image depends upon the quality of the lens. In this 
section consideration will be given to the proper representation of the effect 
of the light falling upon the subject, which is the basic problem involved in 
negative making. 

b. Light intensities in the subjects——In every photograph there are light and 
shade. In the one of the National Capitol (fig. 38) it will be observed that the 
rays of light reflected by the various objects in the picture are not of uniform 
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strength. For instance, those from the roof of the.left wing of the building 
are among the strongest. This part of the picture is called a high light. There 
are a number of high lights in this photograph in addition to the one pointed 
out, such as the left top of the dome of the Capitol, and those portions of the 
white building which reflect the direct rays of the sun. When studying the 
group of trees in the middle foreground of the picture it will be found that in 
the side which is shaded from the sun there is little light. These almost black 
areas are called shadows. Upon further studying the picture it will be found 
that there are other portions, such as the right side of the dome of the build- 
ing, which are not so bright as a high light and yet not so dark as a shadow, 
but seem to be of a shade midway between the two. These are called half 
tones. The picture discloses that there are a large number of variations be- 
tween the high lights and the half tones and between the half tones and the 
shadows. In fact, the range of shades from white to black is long. This range 
is called the gradation of tones. 
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FiGuRE 38.—The light intensities in a subject 


c. The tones in the subject.—Perhaps a clearer idea of what is meant by a 
tone can be obtained from the study of a simple subject. In the photograph 
of the Capitol (fig. 38) there are many tones. However, in the picture of a 
6-sided block (fig. 39) there are only four tones in the range from lightness to 
darkness. They are— 

(1) The side of the block directly facing the light, which is the brightest 
side. 

(2) The side next to the brightest which is turned slightly away from the 
light and is therefore not so bright as the side first mentioned. 

(3) The side opposite to the direction of the light, which is, therefore, the 
darkest side. 

(4) The black background. 
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FiGuRE 39.—Reproduction of tones 


d. Reproduction of tones.—The nature of the photographic emulsion and the 
effect of the exposure upon it in the camera are fully described in paragraph 
179. In order to understand how the tones of the subject are reproduced, 
the drawing in Figure 39 represents an enlarged cross-section view of the 
emulsion of a photographic negative, the black metallic silver grains being 
represented in a conventional manner by circles. It will be further sup- 
posed that this represents a cross-section view of the negative from which 
the photograph of the block was printed. In every exposure some silver- 
bromide grains are affected by the light—namely, those on the surface—and in 
some portions of the emulsion even those under the surface coating are affected 
if the light has been strong enough to penetrate the first layer of silver grains. 
In the drawing the dots placed in the centers of certain circles represent the 
silver grains thus affected by the light. These grains compose the latent image 
which must be made visible and usable by the action of the developer, as has 
been fully explained in paragraph 180. The developer acts only upon the 
light-affected grains and in exact proportion to the degree they have been 
affected by the light. If but a small amount of light has reached the emulsion, 
then but a small number of silver-bromide grains will be affected. The for- 
mation of a usable image requires that a certain number of these grains be im- 
pressed by the light—not too many and not too few. The length of time the 
image is allowed to be projected by the lens upon the plate or film while it is 
in position in the camera—in other words, the exposure—controls the number 
of silver grains which must be impressed by the light to produce the required 
negative image. The exposure must be just long enough to affect the proper 
number of silver-bromide grains. These light-affected grains are reduced dur- 
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ing development to fine particles of black metallic silver, which when viewed 
through a high-powered microscope resemble infinitesimal lumps of coke. (See 
fig. 40.) 
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Figure 40.—Photomicrograph of portion of negative 


e. Effect of exposure on tone reproduction.—The image in the negative con- 
sists of deposits of minute black silver grains scattered throughout the emul- 
sion. There are deposits of these grains of various depths or densities cor- 
responding to the intensities of the light as reflected by the different parts of 
the subject photographed. If the amount of the exposure has been insufficient 
these deposits will not be dense enough; while on the other hand, if the 
exposure has been too great, the deposits will be too thick and opaque and the 
tones in the subject will not be correctly reproduced. In this respect, photo- 
graphing an object differs greatly from viewing an object. When looking at 
the actual block with the light falling upon it in the same way as it is shown in 
Figure 39, the four tones or shades are easily seen, and just as long as 
the block is gazed upon it will appear exactly as it is in the picture. The 
camera would, so to speak, see the block in this manner after a time, but then 
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only for a little while, at the expiration of which it would rapidly begin to 
see it quite differently. The amount of time, therefore, that the camera is 
allowed to see the subject during the length of the exposure is vital to the 
correct reproduction of the tones of the subject. This will be apparent from 
a study of Figure 41, in which are shown— 

(1) A photograph of the block the negative of which was insufficiently 


exposed. 

(2) A photograph of the same object the negative of which was correctly 
exposed. 

(3) Another photograph the negative of which was over or excessively 
exposed. 


It will be noted that the high light in the photograph made from the 
underexposed negative is not clear and bright as it should be; that the half 
tone is too dark and that the shadow is dense, blocked up, and shows no 
detail. In the photograph made from the correctly exposed negative, the 
block appears exactly as it is seen. The high light on the side directly facing 
the light is not too strong nor too weak, but exactly as it appears to the eye. 
This is true of the half tones and the shadow. In the photographs made 
from the overexposed negative it will be noted that the high light is much 
brighter than it should be, that the half tone is really a high light, and that 
the shadow is almost a half tone, and also that there is more detail in the 
shadow than is necessary to the true reproduction. 

f. The perfect negative—From a study of Figure 41 the conclusion is obvious 
that the perfect negative is one that yields a print showing all the tones repro- 
duced exactly as the eye sees them. In such a negative the different densities of 
the deposits of black silver particles bear the proper proportion to the intensi- 
ties of the light reflected by those parts of the subject which the deposits repre- 
sent. A study of Figure 42 will make this clear. The illustration is a repro- 
duction of a perfect negative and a print therefrom. Comparison of the nega- 
tive and print will show that the high lights in the photograph—for instance, 
such as the roof of the wing building, top of the dome, and the sidewalks—are 
represented by heavy deposits of silver, while on the other hand the shadows 
of the trees in front of the Capitol are clear or transparent in the negative and 
that other tones in the print ranging between the high lights and the shadows 
are recorded in the negative by silver deposits of varying depths or thicknesses 
or degrees of density. 

216. Development as a factor.—a. Gcneral.—Having considered the first of 
the two principal factors involved in negative making—namely, exposure—we 
will now turn to the second factor, which is development. Development is 
tuken to include all steps necessary in the production of the negative after the 
exposure has been made. 

b. Length of devrelopment.—Development as a factor varies in several ways; 
one of which is the length of development or the time the exposed film is al- 
lowed to remain in the developing solution. 

ce. Derelopment in relation to erposure—The exposed film may be either uD- 
der, correctly, or overexposed, and development in relation to each of these 
three kinds of exposures may be for the proper length of time or for less than 
or more than the proper length of time. The nine different results thus ob- 
tained furnish a comprehensive study of both the factors entering into negative 
making—nbamely, exposure and development. 
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FIGURE 42.—.A negative and a print 
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d. Variation in development.—The action of the developer may be varied 
by raising or lowering the temperature, increasing or diminishing the degree 
of concentration or strength of the working solution, or by changing the 
quantities of the ingredients called for in the developing formula. These effects 
in negative making affect the normal length of development as well as the 
quality of results. 

217. The technique of practical development.—a. Scope.—A description of 
the operations required in the development of an exposed film will be given in 
the sequence of performance in order that the development process may be 
visualized and that acquaintance may be made with a typical negative-making 
laboratory and with the required equipment and apparatus. It will be sup- 
posed, therefore, that the student will enter a dark room, observe its construc- 
tion and equipment, and then proceed to develop and otherwise completely 
finish an exposed film, employing the equipment and apparatus used in such 
work. 

b. The necessity of a dark room.—From the preceding paragraphs it should 
be obvious that after a film is manufactured and until it is developed it 
must be handled in a dark room under suitable safe light or kept in a light- 
tight container, and that until after development and completion of the other 
operations connected with the finishing of the negative the only white or 
actinic light that should strike the film should be in the form of the image 
projected upon it by the lens while the photograph is being taken in the 
camera. 

c. The dark-room light trap.—To be satisfactory a dark room should be as 
light-tight as a camera, and to permit personnel to enter or to leave the room 
without admitting light there should be what is known as a light trap. This 
is a circuitous entrance so constructed as to take advantage of the fact that 
light will not travel around a corner. 

d. General construction of a suitable dark room—tThe height of the ceiling 
is important in dark-room construction, especially in a building of one story. 
The cubical capacity of the laboratory should be large enough to provide suf- 
ficient air for personnel. Ventilation may be of the usual type or be of a 
forced draft provided by means of an electric fan that either draws in fresh 
air or forces out stale air and thus keeps a current of fresh air passing 
through the laboratory. For convenience, light traps of the chute or window 
tye should connect the dark room with the other laboratories in which the 
related steps in negative making are performed, examples of such steps being 
unloading, negative washing, drying, and printing. The color of the walls 
of the dark room need not be black, but may be of any serviceable color. The 
walls, or at least high wainscoting thereon, should be waterproof and lead 
down to a cement floor that gradually slopes toward the center in which a 
sewer outlet is provided. Over such a cement floor should be removable 
wooden duckboards. This type of construction permits of the thorough clean- 
ing of the laboratory by flushing it with running water from a hose. The 
temperature of the room is important. In cold weather it should be sufficiently 
and uniformly heated, and in hot weather it should be properly cooled, if neces- 
sary, use being made of electric fans or a refrigerating system. The standard 
developing temperature of 65° F. should be the room temperature if possible. 
In the ceiling the electric lights should be of the indirect lighting type and be 
Composed of at least two lamps, one of a suitable red color and the other 
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of clear glass. Each kind of ceiling lamp should be controlled by a separate 
switch. Electric wall sockets should be provided for the attachment of the 
safe-light lamps and small electric apparatus. Lead-lined or waterproof var- 
nished wooden sinks of the proper height and size should contain the trays and 
similar apparatus needed in developing. These sinks should be connected with 
a sewer outlet and be provided with both hot and cold running water. ‘They 
should also be constructed deep enough to prevent the splashing of water out 
cf them when it is running from the faucets. A wooden grill should rest in 
the sink on a ledge that has been fastened to opposite sides of the sink about 
midway of their depth. This ledge should extend the length of the sink. The grill 
should be in sections so that it can be easily removed for cleaning purposes. 
Above the sinks should be sufficient wall shelves and behind the operator and 
within easy reach should be additional shelves or a table for holding neces- 
sary apparatus that must be kept dry, and also to provide space for the per- 
formance of operations that must be accomplished away from the splash of 
water. 

e. Preparation for developing.—It is customary for the operator to protect 
the clothing with a smock or an apron of waterproof material, and also he 
should have handy a towel for drying the hands. To develop, at least three 
trays, or their equivalent, are necessary. Trays are rectangular flat dishes of 
white enamel ware of sizes a little larger than those of the plates or films 
for which designed. The trays are so arranged in a row on the grill in the sink 
that the developer will be on the left, the rinse water in the center, and the 
fixing bath on the right. The fixing bath may be contained in a special fixing 
box instead of in a tray. Developing operations are begun by examining the 
trays or other containers to be used to see that they are clean, and as a pre. 
cautionary measure, thoroughly rinsing each with water, then obtaining the 
requisite amount of fixing bath, filling the rinsing tray with water and then 
preparing the working solution of the developer. It is customary in a pho- 
tographiec unit to prepare all photographie solutions in quantity in a separate 
laboratory commonly called the “ chemical mixing room.” The stock solutions of 
the developer are contained in properly labeled bottles, usually placed on a 
shelf over the developing sink. The amount of working solution to be used is 
decided, and in the developing tray or a graduate the stock solution or solutions 
are diluted in accordance with the instructions contained in paragraph 187, 
and the diluted solution stirred with a stirring rod to insure complete mixing. 
In pouring the stock solution from the bottle into the graduate, care should be 
taken not to allow the solution to drip on the outside of the bottle, and at all 
times extreme care must be taken to prevent contaminating one solution with 
another. By means of a tray thermometer the temperature of the developer, 
the rinsing bath, and the fixing bath are taken in turn, rinsing the thermometer 
under the faucet after removal from one bath before placing it in another. 
The temperature of the three baths should be 65° F. This can be readily ob- 
tained if the dark room is at this temperature and the solutions have remained 
long enough in it to acquire that temperature. It nray be necessary, however, 
to warm or to cool the solutions to obtain the desired temperature. If the 
laboratory is supplied with hot water it is possible when diluting the developer 
to add sufficient warm water to secure the desired temperature; if not, a small 
immersion type of electric heater may be used for this purpose. For cooling, the 
trays containing the solutions may be placed in larger trays containing cracked 
ice, until the proper temperature has been secured. Development at high 
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temperature is treated fully in paragraph 231. When the three baths are in 
their respective trays or containers and each is at the proper temperature, 
memorize their positions, as well as the positions of the container of the films 
or plates to be developed and of any other articles which will be needed during 
development. Turn on the safe-light lamp and extinguish the white light. 
Wait until the eyes become accustomed to the rays of the safe-light lamp. The 
next step should be the removal of the film or plate from its container and 
its insertion in the developer. This step should now be taken if the safe-light 
lamp is of the proper kind and the operator is sure that it is really safe. This 
lamp should be near the tray containing the developer. As it will be observed, 
a safe-light lamp is essentially a metal box composed of an upper and lower 
compartment. The upper part contains an electric lamp of small candlepower, 
and the lower a white surface that refiects the rays of light through the 
colored safe light. The safe light is made of two sheets of glass, plain, or 
coated and colored, between which suitably colored paper has been bound. Safe 
lights of various kinds are interchangeable in the lamp and are catalogued 
according to the following designations: 

(1) Series 00.—A clear yellow in color. For use with Velox, Azo, or other 
papers that print by artificial light, with the exception of bromide paper. 

(2) Series 0.—A bright orange color. Suitable for use with bromide paper 
and lantern-slide plates. 

(3) Series 1—An orange safe light. For use with ordinary, medium, and 
extrarapid films and plates which are not color Sensitive. Consists of yellow 
and orange-coated glass with red paper between. 

(4) Series 2.—A safe light for extrarapid and orthochromatic films or plates 
which are sensitive to green but not to red. This safe light consists of yellow 
and violet coated glass with deep red paper between. 

(5) Series 3—This is a green safe light for use with red sensitive panchro- 
matic films or plates. It gives a faint illumination, which grows quite strong 
as the eyes become accustomed to it. This safe light consists of yellow and 
green coated glass with green paper between. 

It will be supposed that series 2 safe light is selected because it is the one 
most generally used. (The use of color-sensitive plates and the selection of suit- 
able safe lights therefor are explained in Section XIV.) If the dark room is 
Strange it is excellent practice to test the safe light before beginning opera- 
tions, This light must be safe—that is, it must be of a color, usually deep red, 
under which the light-sensitive films may be handled without the silver- 
bromide grains becoming affected as they are when exposed to daylight. With 
regard to the red light which is ordinarily used, photographers do not always use 
the same depth of color; some incline to the safe side by using a very dull, 
deep red, while others through skillful manipulation and care take advantage 
of the greater amount of light given by a red light which is not so deep in 
shade. The beginner should not take chances with the dark-room light but 
Should select at the outset one that is of a very dull, deep red and later, 
when experience and skill as a photographer have been acquired, he will learn 
how to use a stronger red light without damaging the film being developed. 
The safe light can easily be tested by taking an unexposed film out of the box, 
covering half of it by a piece of cardboard, and holding it in front of the safe 
light at the distance the developing tray. is to be placed for two or three 
minutes, The film thus exposed to the safe light is developed, as explained later 
in this paragraph. If the light is unsafe that portion which was exposed to it 
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will develop light gray or black, while that which was screened from the light 
will not develop but will be transparent when fixed. If found unsafe the light 
can be made safe by covering with red tissue or red cloth or by adding another 
sheet of ruby glass or by changing the electric lamp to one of lower candle- 
power. 

f. Removal of exposed film from container.—Following the sequence of opera- 
tions, the next step in development is the removal of the exposed film or plate 
from its container. The operator’s hands should be thoroughly dry and the 
film or plate handled by the edges and the utmost care taken not to allow the 
finger tips to come in contact with the coated surface and thus produce finger 
marks. which will appear in the finished photograph. If it be desired to give 
an identification number or letter to the film or plate, this may be written in 
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FIGURE 43.—Holders used in developing plates and films 


ordinary pencil on the edge of the emulsion, or in the case of a plate it may be 
written on the glass side or back with wax crayon or with a special glass 
marking pencil. If a fixing box is to be used the film should be attached in a 
film-developing hanger, making use of the loading fixture for this purpose. 
(See fig. 48.) This fixture resembles the covers of a book. Between it the 
hanger is placed and when closed it holds open the four clips designed to hold 
the film in the hanger. While these clips are thus open the film is inserted in 
the slot at the end of the fixture and the opening of the fixture closes the clips 
which grasp the film and hold it in proper position in the hanger. If a fixing 
box is used with plates, it is necessary, after removing the exposed plate from 
its container, to slide it in the grooves of a metal frame called a plate develop- 
ing rack. (See fig. 43.) 
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g. Insertion of film or plate in developer.—If the film is not suspended in a 
developing hanger it should be immersed in the developer, emulsion side up, 
with a sliding movement and the surface gently brushed over with the finger 
tips in order to break any air bells that may have formed on its surface. In the 
case of a plate or a film that is suspended in a developing hanger, the tray 
should be tilted until the developer forms a pool along one side of the tray. 
While the tray is thus supported with one hand, the plate or suspended film 
is held, coated side up, in the other hand and the edge of the holder brought 
in contact with the bottom of the tray just above the edge of the solution. The 
plate or film in the holder is now pushed into the developer and at the same 
time the tray is quickly brought to rest on its bottom (normal position), thus 
causing a wave of developer to sweep over the surface of the plate or film. 
Immediately the film or plate is thus completely immersed the coated surface 
should be gently brushed over with the finger tips to break any air bells that 
may have formed onit. At the same time the tray should be rocked back and 
forth and this rocking continued with a stow, even motion until development is 
entirely complete. The rocking not only prevents the formation of air bubbles, 
but insures that the full strength of the developing solution comes into contact 
with all parts of the film or plate and that the solution, during the process of 
development, is not exhausting itself where it is in contact with the portions 
of the film in which the developing action is great. Failure to rock the tray 
may produce a mottled image on the negative, while, on the other hand, rocking 
gives the negatives great brilliancy and uniform density. It should be remem- 
bered that the film or plate is sensitive to the light of the safe lamp if exposed 
to it for a sufficiently long time and that the result of such exposure is the pro- 
duction of a veiling over the negative, known as fog, which reduces the bril- 
liancy of the negative, and therefore, during the time the film or plate is in the 
developer, or at any time until it has been completely fixed, it should not be 
exposed to the safe-light lamp any more than is absolutely necessary. 

h. Judging density during development.—When the exposed film is inserted 
in the developer the high lights of the image will be the first to appear. These 
will be followed by the half tones and afterwards by the shadows, but develop- 
ment must not be stopped at this point for then only a surface image is ob- 
tained. The development must be continued until a deeper set image is 
secured. After the image fully forms it will then grow darker. At this point 
its development must be watched closely. Immediately it begins to darken 
all over, lift it from the tray, drain the developer from it for a moment, and 
then hold the film up to the safe light to see whether there is any detail in the 
shadows. When there is detail in the shadows development is complete. Check 
this by the appearance of the image on the back of the film or plate. Only 
experience will teach how the image on this side should look. If detail can not 
be seen in the shadows, return the film to the developing tray and continue 
developing, making frequent inspections of it in the manner described and as 
often as the operator thinks necessary. Development must be stopped at the 
right point. Therein lies the secret of successful development. As ¢oon as the 
film has reached the point of complete development it should be rinsed briefiy 
but thoroughly and placed in the fixing bath. 

4. Necessity of rinsing the film.—The developer contains an alkali and the 
fixing bath an acid. The fixing bath must always be acid. If the film were 
transferred directly from the developer to the fixing bath a quantity of this 
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alkali would be carried over into the fixing bath on the surface of the film 
and if a number of films were developed the alkali would be sufficient to 
neutralize the acid in the fixing bath. In order, therefore, to preserve the fixing 
bath in as good working condition as possible, the film is thoroughly rinsed in 
water after development and before it is transferred to the fixing bath. 

j. Purpose of fizing bath.—Upon completion of development it will be noticed 
that the back of the film retains a creamy appearance similar to that of an 
unexposed film. This creaminess consists of that portion of the emulsion 
containing the silver-bromide gra:ns that have not been acted upon by the light, 
and therefore have not been changed by the developer into the black silver 
image. These unaffected silver-bromide grains are useless, and the purpose of 
the fixing bath is to rid the negative of them. However, the fi:m must be left 
in the fixing bath not only until all the m:lkiness has disappeared (during 
which time it should be moved about to insure complete fixation) but for at 
least double the length of time it required for the milkiness to disappear. If 
it is left in longer no harm is done. With a freshly made fixing bath the 
milkiness will completely disappear in about 10 minutes so that fixation is 
completed in about 20 minutes. After the fixing bath is used it loses its strength 
and if milkiness of the negatives does not disappear in about 15 minutes the 
bath is too old, and it should be discarded and a fresh stock used. A simple test 
for determining the age of an acid fixing bath is to stir the surface vigorously 
to form bubbles and note how long it takes for the bubbles to disappear. With 
a fresh acid bath it will be difficult even to form bubbles. 

While one plate or film is fixing, development of another may be begun. and 
the development of it and any subsequent negatives accomplished as explained 
above. 

k. Washing.—When the negatives have been completely fixed the next step 
is their thorough washing. The films or plates in their metal racks should be 
placed in a washing box and running water turned into the box in such a 
manner that it will not directly strike the negatives. This washing must be 
thorough and should be continued for at least 20 minutes in running water or 
the equivalent in successive changes if running water is not available. (See 
par. 199.) 

l. Drying.—When washed, the films or plates should be removed from the 
water singly and the emulsion surface gently brushed over with a wet chamois 
skin or a small swab of wet cotton in order to remove any particles of grit 
or foreign matter. Plates should be drained of surplus water and the glass 
side wiped dry. They should then be placed on edge in the plate-drying rack. 
Cut film suspended in a developing hanger is handled in a similar manner, but 
is usually removed from the hanger and suspended by means of a film clip on 
a Wire to dry. It is best to dry negatives by the aid of an electric fan, or at 
least to place them in a room in which a continuous draft of air at an even 
temperature will pass over them and which is free from dust. Any material 
change in temperature during drying will cause unequal density. Negatives 
should never be placed in the sunshine to dry, but always in a fairly cool, well- 
ventilated room of even temperature. A drying cupboard equipped with an 
electric fan will effect drying under proper conditions. (See fig. 44.) 

218. Effect of length of developinent.—a. Duration of development.—The 
real secret of successful development is to know when to stop. To learn it 
requires experience and close observation. The student must study the changes 
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taking place in the appearance of the film as it is being developed, and at the 
moment when it has had sufficient development it should register upon the 
student’s memory an unforgetable picture of the negative as it appeared at 
that moment. This mental picture is the best guide obtainable for deciding 
when a film has been completely developed. The appearance of the negative 
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FicureE 44.—A drying cupboard 


at this moment will vary with the kind of film, kind of developer, and the 
character of the subject. The progress of development is always judged by 
holding the film up to the safe light and not by examining it in the tray, as it 
Will always. appear to be much darker when it is in the developing solution. 
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As a general rule, development should be stopped as soon as there is sufficient 
detail in the shadows. If the exposure has been correct there will always be 
shadow detail, and development must be continued until it appears. If the 
exposure has not been long enough to record such detail it will not appear 
however long development may be continued. Another general rule for de- 
termining whether development is complete is to note the appearance of the 
image on the back of the film. In following this rule, however, it must be 
borne in mind by the operator to develop for the high lights as well as for 
the shadow detail. Development should never be carried until the high lights 
become opaque and the negative begins to fog. Given a good film and a good 
developer such as the pyro-metol developer, the formula of which appears in 
paragraph 187, the development of the exposed film of portraits, interior views, 
and contrasty subject, for instance, should as a rule be carried only until the 
first high light comes clearly through on the back of the film; landscape views, 
until all the high lights are fully through; and flat, evenly lighted subjects, 
copies, and line drawings, until all the detail shows plainly on the back. The 
operator should be on guard against any tricks the eyes may play because of 
the red light. The control of operations under the rays cf such a light often 
becomes uncertain. The first film developed may be carried too far, while 
the subsequent films may not be carried far enough. The tendency is to over- 
develop and thus obtain negatives with too much contrast in the high lights. 
Constant, intelligent practice is therefore necessary before a reasonable degree 
of skill can be obtained. 

b. Density.—By the density of a negative is meant the extent of the silver 
deposits in it constituting the image. It is the density that controls its 
opaqueness or blackness and its capacity for stopping or regulating the light 
in printing. If one negative has twice as much silver deposited in the same 
size area as another, the density of the first negative is regarded as twice 
that of the second. When the density of a negative is insufficient, the un- 
satisfactory negative is referred to as being thin. On the other hand, if the 
density is too great, the equally unsatisfactory negative is termed dense. In 
the first stage, density depends upon the amount of exposure—that is, the 
extent to which the light has been allowed to penetrate the emulsion layer— 
and in the second stage, it depends upon the length of development. If the 
amount of exposure has been insufficient, the result of development will be a 
negative in which the deposits of silver are insufficient. If exposure and 
development have been correct, these deposits will be in the proper amounts 
or depths. During development, density increases, at first rapidly and uni- 
formly and afterwards more slowly until finally it ceases to grow and further 
development will not add density but will produce fog, caused by the reduc- 
tion of the silver grains not affected by the light and not forming a part of 
the latent image. Therefore, development should be continued for just long 
enough to show the proper difference between tones and then it should be 
stopped. The growth of the image during development progresses at the same 
rate as the growth of density. 

ec. Contrast.—If an exposed film being developed is examined soon after 
the action of the developer has become apparent, it will be found that the 
difference in density between the densest and thinnest part is not great. How- 
ever, after development progresses this difference continues to grow, and as 
development is nearing completion, it will be found that the difference between 
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the densest portion of the negative and the less dense portion will be very 
much greater than it was at the beginning of development. This difference 
is called contrast. When it is excessive, the negative is termed “hard” or 
“contrasty,” and when it is insufficient the negative is called flat, soft, or 
without sufficient contrast. Length of development controls contrast, regard- 
less of the umount of exposure. When development is prolonged beyond the 
point at which it should be stopped, contrast will continue to build up until 
it becomes excessive. A print from a negative that lacks sufficient contrast 
resembles one from an underexposed negative in that both photographs appear 
dull and fail to show the natural differences in appearance between high 
lights and half tones and shadows. On the other hand, in a print from a 
negative that is too contrasty, there is an equally unnatural rendering of the 
subject in that the high lights are too bright and strong in comparison with 
the half tones and shadows and the result is a harsh representation of the 
subject. 

To recapitulate the gist of the paragraphs immediately preceding, it should 
be remembered that the amount of detail in the shadow portions of the negative 
is regulated by the length of exposure; that although the degree of normal 
contrast in a negative is exactly fixed by the nature of the subject, the 
actual contrast produced in a negative thereof is regulated by the duration 
of development, so that the actual contrast may be insufficient, due to lack 
of development, or it may be excessive on account of overdevelopment. It 
should also be remembered that density is the result of the length of the 
exposure plus the length of development. 

d. Correct development.—The correctly developed, correctly exposed negative 
is the perfect negative defined in paragraph 215 f, a photograph of which 
appears in Figure 42. While the beginner can readily understand this defini- 
tion and can note the required negative qualities from the photograph, the 
practical problem that invariably confronts him at the beginning of the study of 
negative making is to know how to be able to determine that the exposed film 
being developed will be a perfect negative. To do this it must be decided 
whether all the factors that have entered into the making of the negative have 
been normal. If the exposure has been correct, the film fresh and in good condi- 
tion, the developer properly compounded of good chem‘cals, the working solu- 
tion of proper strength, purity, and at the proper temperature, the appear- 
ance of the image will occur at the normal time. In other respects also 
development will be normal, but to obtain a perfect result the operator must 
stop development at the point of completeness as explained above. While a 
correctly developed, normally exposed negative can be selected by visual exami- 
nation alone, the more searching test is to make a print from the negative. 
It is in the printing that the qualities of a negative apparently perfect can 
be exactly determined. For instance, detail may be observed in the shadow 
portions of the negative that will become buried in the print; and on the other 
hand, detail seen in the high lights when the negative is viewed may not 
reproduce in the print until long after the shadow detail has become obscured 
by the overprinting. This unevenness in negative quality instantly appears 
during printing, although it may not have becn detected or appreciated when 
an inspection of the negative was made. However, thorough inspections and 
studies of negatives, coupled with sufficient printing practice, develop in the 
operator the ability to judge fairly accurately from visual examination alone 


163 


TM 2170-5 
~ 218-219 AIR CORPS 


whether a negative is perfect, by the presence of such qualities as “snap” 
and ‘‘brilliancy.”’ It is impossible to describe these qualities satisfactorily. 
The ability to recognize them can be acquired only by experience. 

e. Insufficient development.—The negative resulting from a correctly exposed 
film that has been insufficiently or under developed (fig. 45 D) lacks sufficient 
detail, especially noticeable in the shadows. It also lacks density, because 
development wis not carried to the point of completeness, and for this same 
reason the negative lacks proper contrast. It can be positively determ:ned that 
the negative has not been sufficiently developed because of the appearance, 
when held up to the light, of very faint detail that would undoubtedly have been 
brought out by further development, also by a general tendency to flatness and 
lack of normal contrast. 
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OVEREXPOSED-OVERDEVELOPED 


FIGURE 45.—The nine representative negatives 


f. Overdevelopment.—From the description just given of an insufficiently 
developed normal exposure, the appearance of a negative resulting from the 
overdevelopment of a correctly exposed film can be well imagined. A photo- 
sraph of it appears as Figure 45 F. Prolongation of development beyond the 
normal length of time has increased the contrast. The high lights are repre- 
sented by too heavy deposits in which necessary detail is buried in opaqueness 
beyond the possibility of appearing in the print. The general density of the 
negative is excessive. In addition, in a case of this kind there may be a 
general veiling due to the prolongation of development which could be detec- 
ted readily in those portions of the negative that should be clear and trans- 
parent, such as clear black shadows. 

219. Development in relation to exposure.—a. Variation of exposure only.— 
The action of the exposure on the photographic emulsion used in negative 
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making has been Scientifically studied. Under the same conditions of light, 
and with the same kind of plate and developer, a series of photographs were 
made in which the exposure for each succeeding plate was double the amount 
given to the preceding plate. These plates were developed for the same length 
of time and with the same kind of developer, and the amount of the silver 
deposit in each was measured. The result of this work can be graphically 
represented by a “staircase” (fig. 46) the steps of which although continuous 
were found not to be uniform and alike, but to be composed of three kinds as 
follows: 

(1) Those in which the rise of each step gradually increased. (Period of 
underexposure. ) 

(2) Those in which the rise of each step did not increase but remained equal 
to the tread of the step. (Period of correct exposure. ) 

(3) Those in which the rise of each step gradually decreased. (Period of 
overexposure. ) 
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Ficurn 46.—Effect on the plate emulsion of keeping the development normal and gradually 
increasing length of exposure 


In other words, during the period of underexposure the density of the nega- 
tive gradually increased in proportion to the increase of exposure. During 
the period of correct exposure the increase in density was in exact proportion 
to the increase of exposure, and during the period of overexposure the increase 
in density gradually decreased as the exposure was increased. From this it 
will be seen that unless sufficient exposure is given sufficient density will not 
be obtained; and, on the other hand, if too much exposure is given the maxi- 
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mum amount of density will be obtained, but at the same time the proper 
degree of contrast will be lost. It is only by correct exposure, followed by 
correct development, that proper density and a proper degree of contrast are 
obtained, and the correctness of such procedure has been verified by scientific 
investigations. 

b. Progress of development of a correct exposure.—When a correctly exposed 
film is placed in the developer the high lights appear first, and they are followed 
by the half tones, and finally by the detail in the shadows. If the developer 
has been made by diluting in accordance with the directions appearing in 
paragraph 187, the stock solution made according to the formula given in that 
paragraph, these high lights will appear in about 45 seconds if the temperature 
of the developer is 65° F. If the film has been overexposed the high lights 
will appear in about 15 seconds, and if underexposed not for at least a minute. 
The silver grains that represent the detail in the shadows and in the intermedi- 
ate tones are also building up at the same time. But in these portions of the 
film there have not been many grains affected by the light and consequently 
none will appear until development has progressed for some time. If, when 
the image begins to appear, the film is held between the operator and the safe 
light the operator will be able to discern the outline of the image by the detail 
that is built up in the high lights. As development is continued the intermedi- 
ate tones and shadows will become darker by the reduction of the exposed 
silver-bromide grains to black metallic silver and thus a layer of the latter, 
which will vary in depth according to the extent of the penetration by the 
light, will be formed over the surface of the film. When the film has been 
sufficiently and properly developed the resulting negative will have the proper 
degree of density, with full detail, and parts of the film where the light has 
not acted will be clear. The negative will show a full graduation of tones; 
even the densest shadow will contain some detail, while graduations will 
likewise be present in the high lights. No portion of the negative will be of 
even tone unless such tone were present in the subject, as for instance a clear 
and cloudless sky in a landscape negative. 

c. Progress of development of underexrposure.—If the exposure has been 
insufficient, the film will develop slowly. The high lights will appear, but not 
with the promptness observable in the case of a correct exposure. After a time 
some of the stronger half tones will make a feeble appearance. Detail will 
not appear in the shadows no matter how long the film is developed. 
Exposure and development follow natural laws—namely, the light must change 
a certain number of silver-bromide grains, and these when reduced by the 
developer to the metallic silver deposits form the negative image. Therefore, 
a sufficient number of silver-bromide grains must be affected by the light, and if 
this has not been accomplished by the exposure, which is the case when it is 
insufficient, there is no process by which the mistake may be corrected. To 
be able to do so would require a reversal of the natural law. There must 
be a sufficient amount of light action during the exposure, and nothing else 
can be substituted. When encountering an underexposed film for the first 
time the beginner will invariably overdevelop it, vainly waiting for the ap- 
pearance of shadow detail, and the result will be what is called a ‘‘ soot and 
whitewash ” negative—that is, one in which some portions will be very clear 
and others very black, thus the scale of graduation will be very steep, jumping 
from clear glass to heavy deposits. 
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d. Progress of development of an overerposure.—The image in the case of an 
overexposure will flash up in the developer and grow dense rapidly. There 
will not be a succession of high lights, followed by half tones and then by 
shadows, but these tones will appear almost together, and the negative will 
develop excessive density before the operator realizes it. 

e. Proper development of an undererposure.—When in developing, the film 
is discovered to have been underexposed, the maxim to develop for the high 
lights should not be forgotten. When this rule is followed the high lights 
will not be overdeveloped while the operator is vainly waiting for the details 
in the shadows to build up. An underexposed film should always be normally 
developed and never overdeveloped. In most cases, however, an underexposed 
film is valueless and experience will demonstrate that it is real economy to 
discard such a film immediately when it is discovered in the developing solu- 
tion. An undererposed but correctly developed negative is one kind of so- 
called thin negative. An underveloped but correctly exposed negative is another 
example of a thin negative. Comparative study of these two types of thin 
negatives is necessary at this point in order that one may be distinguished 
from the other. It will be found that although the underdeveloped but cor- 
rectly exposed negative is thin it will nevertheless have a gradual scale of 
tones. The general density will be insufficient, but there will not be a complete 
absence of shadow detail or that violent contrast between high light and 
Shadow which distinguishes the underexposed but normally developed negative. 
The underdeveloped negative will show unmistakably that development has been 
insufficient, as it will be obvious from the negative that had it been continued 
a good negative would have resulted. On the other hand, the underexposed 
negative lacks detail in the shadows. It is made up of too many clear areas. 
The half tones will invariably lack sufficient density and the high lights, unless 
the film be overdeveloped, will not be up to the degree of density possible. 
A study of this kind of failure in negative making will unmistakably reveal 
that the cause was due to insufficient exposure and that had the exposure been 
longer there would have been added to the negative that amount of density 
and detail which it so plainly lacks. 

f. Proper development of an overerposure.—When the beginner recognizes 
that the film being developed has been overexposed the impulse is to remove it 
from the developer as quickly as possible. This is a mistake that must be 
guarded against. It requires a certain length of time for the developer to 
penetrate the emulsion of the film. If the film is removed before this has been 
accomplished the image will be entirely on the surface, and under it will be 
many light-affected silver grains properly forming the image which the de- 
veloper will not have time to reach, and which will be dissolved out in the 
fixing bath, and there will thus be left in the negative an insufficient deposit 
of silver. The operator should therefore disregard the very rapid blackening 
of the film in the case of an overexposure and should contirue development 
for the normal length of time. The result, of course, will be an excessively 
dense negative. It will have a very long scale, will show details in the shad- 
ows that are unnecessary and are not recorded in a normal exposure. There 
will be a great heaviness over the entire film, a lack of the snap and bpil- 
liancy which characterize the perfect negative, a lack of proper contrast, 
and a tendency for many tones in the subject to be represented by silver de- 
posits of almost equal density as far as their reproduction in printing is con- 
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cerned. These characteristics are called fiatness and lack of contrast. How- 
ever, the overexposed, normally developed film is not a complete loss. Its 
density can be reduced by following the instructions contained in paragraph 
229. A reduced, overexposed negative, however, is not the equal in technical 
qualities of a correctly exposed, normally developed negative. Even though an 
overexposed film can by reduction be made usable, the efficient photographer 
will always strive to expose and develop correctly. 

g. Underdevelopment of an undererposure.—In the negative produced by 
the underdevelopment of an underexposure there is a lack of detail which is 
especially noticeable in the shadow portions. Prolongation of development 
could not have given such a negative (fig. 45 A) this necessary detail. The 
light should have accomplished this work during exposure. The negative also 
lacks general density because of the insufficiency of both exposure and develop- 
ment. There is an absence also of sufficient contrast. Only by proper exposure 
and proper development can the contrast in the subject as the eye sees it be 
correctly reproduced. In the case of an underexposure the maximum amount 
of contrast obtainable, which will be below normal, is controlled by the amount 
of exposure and the amount of development combined. In the case of the 
negative under consideration the exposure was insufficient, and therefore an 
insufficient amount of contrast was recorded, and this coupled with an insuf- 
ficient amount of development further reduced the amount of contrast. Had 
this underexposure been developed for the normal length of time there would 
have been more contrast shown in the negative, although it would not have 
reached the proper amount for the subject as more exposure would be required 
to accomplish this. 

h. Underdevelopment of an overerposure.—lIn the negative (fig. 45 G) re- 
sulting from the insufficient development of an overexposed film the fact that 
the exposure was excessive is apparent from the presence of too much detail 
in the shadow. In some negatives of this kind excessive shadow detail may 
be coupled with excessively dense high lights and the obliteration of details 
in the heavy silver deposits representing the high lights. However, even when 
the negative is underdeveloped the excessive shadow detail is certain to dis- 
tinguish it. It is possible when an overexposure is underdeveloped that the 
general density of the negative may approach that of a normal negative, yet 
the fact of underdevelopment is indicated by lack of sufficient contrast and 
the tendency toward general flatness because development has not been con- 
tinued sufficiently long to produce the excessive amount of density that corre- 
sponds with the excessive amount of exposure. 

4. Overdevelopment of an undererposure—Prolongation of development be- 
yond the normal time increases contrast with the result that the high lights are 
represented by too heavy deposits in the negatives, in which the necessary 
high-light detail is buried. (See fig. 45 C.) Excessive contrast is as true a guide 
in detecting overdevelopment as the absence of shadow detail is a condition that 
indicates underexposure. The overdeveloped, underexposed negative may be 
comparable in general density with the normal negative, but in the case of the 
defective negative this apparent general density may be made up in part by a 
general veiling due to the forcing of development, which can be seen clearly 
in what should be the clear or transparent portions of the negative—for 
instance, in the edges of the film, which have been shielded from the light 
during exposure by the grooves or rabbet of the holder, this fog may be very 
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apparent. However, the staleness of a film also appears at the edges. Fog due 
to development may be distinguished from that due to age by the fact that the 
former not only appears near the edges, but extends over the entire surface of 
the negative, especially in what should be the transparent representation of 
deep shadows, If it is known that the film used was not stale, that the dark- 
room light is perfectly safe, and that during development the film was not 
unnecessarily exposed to the dark-room light, this general surface veiling is 
properly chargeable to overdevelopment. 

j. Overdevelopment of an overerposure.—The beginner should have no diffi- 
culty in recognizing the result of overdeveloping an overexposed film. (See 
fig. 45 I.) The general effect of the combined overdoing is obvious in the nega- 
tive, there being an excess in every feature by which the negative is judged, 
such as too much shadow detail, too great density, and excessive contrast. 

220. The constructive criticism of negatives.—n. General.—To acquire 
skill in negative making the student must not only understand the principles 
explained in the preceding paragraphs and apply them in practical work, but 
must study the negatives and be able to determine the cause of failure in the 
case of defective negatives and know exactly wherein improvement could be 
effected if the making of the negative were repeated. This is what is meant 
by the constructive criticism of negatives, and it is this self-criticism that is 
so essential to the progress of the student in photography. An attempt has been 
made in the preceding paragraphs of this section to lay the foundation for 
successful constructive criticism of negatives by consideration of the action of 
light during exposure of the film in the camera; the action of the developer on 
the exposed film; upon what density and contrast depend; and to draw certain 
conclusions or rules for guidance in negative making. An attempt will now 
be made to crystallize the essential principles involved so that the cause of 
any defective negative can be fully and accurately located and corrected in 
photographie work. 

b. The nine representative negatives.—By allowing development to remain 
normal and merely varying the exposure it is possible to obtain three kinds 
of negatives, as follows: Underexposed; correctly exposed; overexposed. <A 
sufficient number of each of these three kinds of negatives can be made, and 
by varying the length or development of each kind nine different results may 
be obtained, which have been termed the nine representative negatives. When 
the student can identify each of the nine representative negatives there has 
been obtained a comprehensive but excellent working knowledge of the essential 
problems that are encountered in negative making. Figure 45 shows these 
negatives, and the following is a list of the designations of the negatives, with 
a reference to the paragraph in which a complete description of the essential 
characteristics of the negative is given: 

Underexposed, underdeveloped. (See par. 219 g.) 
Underexposed, normally developed. (See par. 219 e.) 
Underexposed, overdeveloped. (See par 219 i.) 

Normally exposed, underdeveloped. (See par. 218 e.) 
Normally exposed, normally developed. (See par. 218 d.) 
Normally exposed, overdeveloped. (See par. 218 f.) 
Overexposed, underdeveloped. (See par. 219 h.) 
Overexposed, normally developed. (See par. 219 f.) 
Overexposed, overdeveloped. (See par. 219 j.) 
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c. General characteristics of the nine representative negatives—Each of the 
nine representative negatives shown in Figure 45 should be carefully studied 
in connection with the detailed description of its characteristics as given in 
the paragraph cited in the foregoing listing of the negatives. From this impor- 
tant study these vital conclusions follow, namely, that detail in the negative, 
particularly in the shadow portions, is regulated by the amount of exposure; 
density by the amount of exposure plus development; and contrast by the 
amount of development. From these conclusions also a convenient ready 
reference table of the essential characteristics of the nine representative nega- 
tives can be prepared in which the characteristics are expressed in terms of 
detail, density, and contrast, as follows: 





Underexposed Normally exposed Overexposed 
Underdeveloped: 
Detail_..--..-..-- Too little.........._.___- Normal for amount of de- | Too much. 
velopment. 
Density. .-.-...../----- GO Sess eee eee Too little...........-.-.--- Too little. 
Contrast__......--|_.---- OO atone ec Soe one Secles 6 (3 eee ay EN re he Do. 
Normally developed: 
Detail.__....-..-._|.__-. OO. Seid io elt 2 COrreetss: doc. 2108s Too much 
Density. ._...---- Normal for amount of |_.__. AO nese ote ousd Do. 
exposure. 
Contrast___....._- Too little_...............]..... GO cence wee oe ee Normal for amount of ex- 
posure. 
Overdeveloped: 
etall on cnccsc-.|occse OG ics cek ce Skins Saeed aeted GO nciccncsruteccceube Too much 
Density-__-..-..- Normal for amount of | Too much.-___....._._..--- 
exposure. 
Contrast....._.._- Too much._-____._--------]----- O0e ee eee sete she sws Do. 


221. Effect of the temperature of the developer.—a. General.—The tem- 
perature of the developer may be such as to affect either the gelatin of the 
emulsion or the rate of development, or both. The general rule with regard 
to temperature is to develop at or as near 65° F. as possible. Sometimes, how- 
ever, this is impracticable. Therefore, the effect in negative making will be 
considered of the use of a developer when it is above, as well as when it is 
below the normal temperature given. 

b. Effect of temperature on the gelatin—At high temperature the gelatin 
swells unusually much, and in a swollen condition it is easily scratched, and a 
long time is required to dry the film when in such condition on account of the 
great quantity of water it contains. At still higher temperatures the effect 
on the gelatin of the emulsion is so great as to present difficulties, the success- 
ful overcoming of which calls for intelligent skill in the operator. These difficul- 
ties are not merely the softening of the emulsion but include also reticulation 
and pinholes. When an emulsion reticulates it assumes a leather-grained or 
lucework surface, and the negative becomes unfit for use. A remedy for reticu- 
lation is unknown. Pinholes are small, transparent spots in the emulsion. 
In water at a temperature as high as 85° F. the emulsion coating of a plate 
or film will melt. In some localities all year around and in others at certain 
seasons of the year only, it is not uncommon for the water running from a tap 
to be at this temperature and often higher. 

c. Effect of low temperature on the developer—A developer that is too cold 
will prolong development and yield a thin, weak negative. When the developer 
contuins hydroquinone care must be taken to see that it is not too cold, as below 
a certain temperature hydroquinone will not work at all. Temperature also 
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alters the time necessary to develop to the standard degree of contrast. With 
some developing agents low temperature merely slows up their action, while 
with others it practically prevents their working at all. The temperature of a 
developer has great effect on the appearance and quality of the negative. The 
different developing agents are affected quite differently. The pyro-metol de- 
veloper, for instance, is sensitive to temperature, and therefore it must be 
kept as nearly as possible at the standard temperature of 65° F. When it is not 
possible to raise the temperature of a developer the effect of the low tempera- 
ture at which it must be used can be offset to a certain extent by increasing 
the strength of the developing solution and prolonging the time of development. 

d. Effect of high temperature on the devcloper.—A developer that is too 
warm will produce chemical fog, and some developing agents will give more 
of this fog than others. Pyro, however, rapidly oxidizes and tends to give 
stain. A little potassium bromide added to any developer will tend to prevent 
excessive fog. High temperature greatly increases the energy of any developer 
and therefore reduces the amount of time necessary for development. 

e. High temperature developing methods.—To overcome the softening of the 
emulsion and to avoid the other troubles met with when developing at high 
temperatures, one of two courses may be followed: First, use a special devel- 
oper and a special hardening and fixing bath at existing temperature or, 
second, cooling solutions down to standard developing temperature. The first 
method is fully treated in paragraph 231 relating to negative making in the 
Tropics. It is obvious that the second method consists merely in reducing the 
temperature to normal and proceeding with developing operations in the normal 
way as already fully explained. 

f. Cooling water and solutions.—If ice is available in sufficient quantity the 
best method to provide a supply of cold water at all times is to lead a section 
of the water-supply pipe through a coil in an ice box. If this method is used 
the refrigerating apparatus through which the coil is run must necessarily 
have a capacity commensurate with the amount of cold water required. When 
only small quantities of cold water are needed for work done occasionally, the 
placing of ice directly in the water will be found a satisfactory solution of the 
cooling problem. The developer may be mixed with this cold water at about 
the temperature desired for it or the bottles containing the developer which has 
been made of water at a higher temperature may be tightly corked and placed 
in cold water until the temperature of the contents of the bottle has dropped 
to that of the surrounding water which is that fixed for normal development. 
If ice is not available, water may be cooled by placing it in a porous, earthen- 
ware crock which has not been glazed. This vessel should be set in the 
shade or covered with a fiannel so that the edge of the flannel dips over the 
sides and into the vessel. Water is thus absorbed over the entire surface of 
the flannel, and in this way a large evaporating surface is maintained and the 
evaporation absorbs heat from the water. A canvas, self-cooling water bag 
may also be used for obtaining a supply of cool water. Once cool water is 
obtained, the developer and fixing bath may be cooled in the manner already 
explained. Solutions may be made up in sufficient quantities to keep a reserve 
supply in duplicate bottles, which can be stored in holes dug in the ground in 
some near-by, permanently shady spot, each hole being just large enough to 
take a bottle and a tight enough fit secured to avoid the circulation of air 
around the bottle. The temperature of solutions may also be lowered by plac- 
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ing the tightly corked bottles containing the solutions in a receptacle in which 
there is a freshly made solution of hypo. It is a well-known fact that hypo, 
when dissolving, lowers the temperature of the water in which it is dissolving. 
The purification of water has been treated in paragraph 169. In the field 
the water from near-by streams or rivers can be made suitable for photo- 
graphic purposes by merely storing a sufficient quantity in advance and allow- 
ing vegetable matter, mud, or sand to settle and decanting the clear water. To 
take advantage of the cooler temperature of night, developing operations are 
often performed at that time; and if the water supply has been stored in as 
cool a place as possible and sufficiently in advance of the time set for beginning 
operations to allow any foreign matter that may be in it to settle, the ad- 
vantage of the fall in temperature with the coming of night can be extended to 
the water supply. 

222. Effect of the strength of the developer.—a. Strength of devel¢per.—By 
strength of developer is meant its energy, which is shown principally by the 
rapidity with which it works. It is regulated usually by the degree to which 
the stock solution is diluted for use. For instance, if instead of the normal 
dilution used in making the working solution, only half the quantity of water 
is taken, the concentrated developer thus made will be found to be more 
energetic and to develop the film more quickly than if a solution of the usual 
strength were used. 

b. Effect of concentrated developer.—With some developing agents, the rate 
of development is proportional to the concentration of the developing solution 
in which they are contained, so that a developer of twice the strength develops 
in half the time. This is not true, however, of other developing agents used in 
negative making, as shown by the fact that negatives made in strong and weak 
solutions of them are not alike. It requires a certain length of time for any 
developer to penetrate the emulsion. It is necessary that the gelatin swell and 
that the pores open to allow the developer to penetrate and attack the silver- 
bromide grains. With a highly concentrated developer working rapidly, the 
short time in which it completely acts is not sufficient for the gelatin to swell 
and permit of the entrance of the developer as explained. A highly concen- 
trated developer, therefore, acts upon the silver grains on and near the surface 
of the emulsion. A concentrated developer tends to reduce with increasing 
rapidity the silver in the parts most acted upon by the light, and if develop- 
ment is stopped in the early stages the result will be a thin negative with a 
seale inclining toward contrast. A concentrated developer also rushes up the 
high lights, while the half tones catch up later. 

c. Dilute developer.—From the description of the working of a concentrated 
developer, the effect of a dilute developer on the exposed film can be imagined, 
as it is the opposite of the concentrated developer in its action. With a 
dilute developer, development progresses slowly. The gelatin has ample time 
in which to swell and open its pores to admit the developer so that all silver- 
bromide grains affected by the light are reached. The image does not lie 
on the surface of the negative, as in the case of a plate developed in a con- 
centrated solution, but is made up of a deposit extending down into the 
gelatin coating. In the early stages of development the dilute solution brings 
out the deepest detail in the half tones and shadows, almost as fast as the 
high lights, and as development progresses it continues to add density to the 
high lights until development is complete. 
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The developer recommended for a nonhalation or double-coated plate is 
a dilute developer because it must reach both coatings, and a certain amount 
of time is required for the developer to penetrate the upper emulsion. To 
develop such a plate with a concentrated developer is to take advantage only 
of the upper coating of the plate, and therefore the result obtained would 
not be superior to that secured on a single-coated plate of the same speed 
as the upper emulsion of the special plate. As doublecoated plates are 
more expensive than single-coated, this of course would not be economical. 

It is possible to dilute a developer too much. It requires a certain amount 
of chemicals to produce a good negative. With each film developed, the 
developer becomes weaker, as will appear from the fact that a longer time is 
necessary to develop each subsequent film. It is not economical to use an old 
and exhausted developer, as with it results can not be satisfactory, but the 
negatives will be contrasty and lack properly developed half tones. 

d. Effect of a concentrated developer on an undererposure.—The surprising 
energy and rapidity with which it will be found that a concentrated developer 
works may tempt the beginner to use such a developer for the development 
of films that have been underexposed, the course of reasoning being that the 
concentrated developer will bring out the required detail which the normal 
developer will not give. This is a popular fallacy. It has stood disproved 
scientifically for many years. The light must affect a certain number of 
silver-bromide grains to form the latent image, and as far as this image is 
concerned the developer can reduce only those grains affected by the light. 
By reason of its great strength it may reduce other grains not affected by the 
light, but the result is a veiling or fog over the entire surface of the negative. 
A concentrated developer will rush up the high lights and allow the half 
tones and shadows to lag along behind. In the case of an underexposure, 
Where the half tones are weak and the shadow details are missing, a con- 
centrated developer will act very energetically on the high lights, but such 
half tones as may have been secured by the exposure will lack the density 
they would have attained in a developer of normal or even dilute strength. 

e. Effect of a concentrated developer on an overerposure.—The action of 
a normal developer on an overexposed film is energetic, so that the effect of 
a concentrated developer on such a film can be readily imagined. Its effect is 
to blacken the entire film in an incredibly short space of time, so that the 
production of chemical fog begins before the operator can realize it. Moreover, 
the image will lie almost entirely on the surface of the film as a result of the 
underdevelopment the plate will receive. 

223. Effect of the composition of the developer.—a. Advantage of a stand- 
ard developer.—It is wise for the beginner in photography to use a good de- 
Veloper until its capabilities have been learned thoroughly, and distinctly 
unwise before plentiful experience in negative making has been acquired to 
attempt to improve a developer by varying the quantities of its ingredients 
or to be constantly changing from one kind of developer to another. If a 
good developer is used, the production of good negatives on good film or 
plates will not be difficult, provided the problem of exposure has been mastered. 
A developer that is really suitable for the kind of photographic work in hand 
is as good as any other developer adapted to the same kind of work. Developers 
may act differently during the progress of development, but a negative may 
be made with one which is the equal of that made with another. If several 
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exposures were made under identical conditions and each film developed in 
a different kind of developer, good negatives would be obtained and there 
would be little chuice, if any, among them. It is the light that draws the 
picture and not the developer. The developing formulas contained in Section 
VII have been carefully selected and have proved their worth to the best of 
photographers. It would be folly for the beginner to attempt to improve any 
of them immediately upon learning the elements of development. While ex- 
perimentation in photography is necessary to progress, it should not be under- 
taken in this instance until the experimenter has mastered negative making 
and thoroughly studied developers and their functions. Success in photography 
is built up in steps. There are so many ways in which the beginner can fail 
in photographic work that it is necessary, if he is to succeed, that the subject 
be mastered step by step. The student will never learn negative making if 
he is continually experimenting with films or plates and with exposure and 
kinds of developers. He must learn each one thoroughly, but one at a time and 
in logical order so that he may act with confidence and certainty. If un- 
familiar with the plate or film that is being used, likewise unfamiliar with the 
kind of developer, and, moreover, uncertain regarding the correctness of the 
exposure, the beginner will undoubtedly fail to make a good negative due 
to any one of a comparatively large number of causes or combination of causes, 
and it would be difficult, if not impossible, for him to determine exactly the 
cause of the failure. The beginner, therefore, should learn how to expose 
correctly and learn all about one brand of film or plate that is being used and 
all that is possible about the same developer. The manufacture of films and 
plates has been brought to a high state of perfection and there are many 
excellent brands on the market. If these are obtained fresh and are otherwise 
in good condition when used the beginner will almost never experience difficulty 
through fault of the manufacturer. With study and practice the student can 
learn to acquire a reasonable degree of proficiency in development. However, 
it will probably take years for him to learn to expose correctly under all the 
varying conditions that are encountered in photographic work. When the 
brand of film or plate has been properly selected and negative making has 
been mastered, the failures that then result are due to mistakes in exposure 

b. Functions of the developer ingredients.—The ingredients of a developing 
solution and their functions may be listed as follows: 

(1) Water as a solvent for the solid chemicals used. 

(2) A single developing agent, or a mixture of two or more such agents. 
In addition, a keeper therefor (Such as potassium metabisulphite or sodium 
bisulphite) if a stock solution of agents is used. Pyro, metol, and hydroquinone 
are popular developing agents. 

(3) An accelerator, alkali or alkaline solution to energize the developing 
agent. Sodium carbonate and sodium hydroxide (usually called caustic soda) 
are typical accelerators. 

(4) In order to preserve the developing powers of the developer for the 
length of time required by development, it is necessary to prevent the too rapid 
oxidation of the developing agent. This is done by the addition of a preserva- 
tive, such as sodium sulphite. 

(5) To regulate the rate of development a substance is added to the develop- 
ing solution which will control its action. This substance is usually potassium 
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bromide, which seems to act by decreasing the susceptibility of the light exposed 
silver-bromide grains to the reducing action of the developer. 

c. When to modify a developer—If a well-known and well-tried developer 
fails to give results equal to those previously obtained with it, the preparation 
of the solution should be carefully investigated and if from this the trouble 
can not be traced, a fresh solution should be very carefully prepared with 
chemicals of known purity and in good condition and with water suitable for 
stock solution purposes. Test exposures of simple subjects should be made on 
films that are in good condition and the exposures given should have been 
carefully and accurately calculated. If the trouble persists after developing 
the test exposures in the specially prepared solution and it can not be traced 
to some cause other than the composition of the developer, a modification of 
the formula should then be made to better adapt it to the brand of films or 
plates perhaps recently adopted or to the kind of water obtained in the new 
locality. 

d. How to modify a developer.—A developer should be considered as a me- 
chanical agent which does a definite amount of work on each of the tones in 
the negative, this work being fixed by the time of exposure and ordinarily also 
by the time of development. Alterations in the composition of a developing 
solution should be considered as affecting the time required to do the work 
and not as affecting the quality of work on different tones. The old idea 
that to obtain additional density in the high lights, the developing agent 
should be increased, while to secure more detail more alkali should be added, 
is false and misleading, as precisely the same qualities are obtained by 
keeping to one formula and controlling density and detail by the amount of 
exposure and development. In each developer there should be a developing 
agent in sufficient quantity to do the work of development in a convenient 
length of time and without wasteful superfluity. There should also be an 
amount of accelerator proportionate to the amount of the developing agent, 
which is sufficient for very rapid development, and there should be, in addi- 
tion, an amount of preservative which should be proportionate to the bulk of 
the liquid and not to the other solutions, These proportions have been found 
by experience to constitute a suitable developing formula. There is no magic 
in a particular formula and there is no need, in fact it is a foolish waste of 
time, to change from one developing formula to another in an effort to im- 
prove results. Neither is there any need to adopt a particular formula which 
a film maker recommends for any particular film. A suitable formula can be 
Successfully used for different makes of film, either by manner of diluting 
Stock solution, or varying the time of development. All developers give 
precisely the same results if the film is taken out at the same stage of develop- 
ment, assuming that a restrainer is not used. Makes of film vary in their 
development speed. Some rapid films require perhaps as much as five times 
the amount of development sufficient for some slow films in order to obtain a 
Standard contrast. This development speed is distinct from exposure speed. 
In fact, as a general rule, film that is rapid in exposure is slow in development 
and vice versa. Although all developers will, as a general proposition, respond 
readily to variations of water alone and yield softer or harder negatives as 
this important ingredient is increased or decreased, special requirements some- 
times make it necessary to vary the other constituents of the developing solu- 
tion. The general principles underlying the increasing or decreasing of water 
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and of the other ingredients of a developing solution will be explained in tt. 
subparagraphs below. 

e. Dilution of a developer—Too much water in the developer will produc 
thin high lights and plenty of detail, but the negative will lack snap am 
strength. Too little water will give contrast and strength as explained 2: 
paragraph 222. 

f. Changing the amount of the developing agent—Increasing the developin: 
agent gives greater contrast and density, but less gradation in the high lights 
Too much pyro, for instance, clogs the high lights and gives “ chalky ” whites ir 
the prints. Decreasing the development agent gives a softer, more delicately 
graded negative. Too little pyro, however, slows down development and causes 
lack of snap and brilliancy. 

g. Changing the amount of the preservative—Too much sodium sulphite will 
give a negative of a grayish black color which is not desirable, because it will 
yield only weak and flat prints. Too little sulphite, on the other hand, will 
give a negative with too much color, and prints made from it will be too con- 
trasty. By diminishing the amount of sulphite in a pyro developing solution 
yellow pyro stain will be obtained of a depth of color depending upon the 
amount the sulphite is reduced. The effect of this stain is to add contrast and 
the equivalent of density. The proportion of sulphite should be increased 
when the normal developer is diluted for tank use. It will be known when 
the correct amount is reached by the snappy and brilliant quality prints obtain- 
able from the negatives produced. Experiments show that increasing the 
quantity of sulphite above the amount necessary to prevent stain does not 
influence negative density. 

h. Changing the amount of the accelerator—Too much sodium carbonate 
causes quick development and dense, flat negatives which are full of detail, | 
but are foggy and granular. Too little carbonate results in little contrast, 
slow development, and a marked lack of detail. Increasing the carbonate makes 
the developer work more rapidly, softens the gelatin, and may cause frilling 
as well as fog. This ingredient may be increased in cold weather and decreased 
in hot weather if the temperature of the developing solution can not be kept 
between 60° and 70° F. 

4. Changing the amount of the restrainer.—Potassium bromide is added to 
a developing solution to offset any chemical fog that otherwise might be produced 
by the developer or that might be inherent in the nature of the plate or film 
emulsion, although manufacturers usually include an excess of potassium bro- 
mide in the emulsion for this purpose. Over a certain range of exposures 
bromide produces for the same time of development a constant depression of 
density. It restrains the least-exposed portions of the negative more than the 
better-lighted portions. As a result it gives greater brilliancy and contrast. 
In cases of overexposure where a flat, lifeless negative is to be expected this 
property of bromide is turned to account, and an addition of a small quantity to 
the developer often suffices to save an otherwise doomed film. Potassium bro- 
mide has a restraining action during the early stage of development, but this 
influence disappears if development is prolonged. The length of the period of 
retardation depends upon the exposure and the bromide concentration. It has a 

slight effect in holding the shadows clear when emulsions that have become 
stale are used, but its chief use is in cases of overexposure, and when this 
fault is known in advance bromide can be added to the developer before the 
film is immersed. 
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j. Rate of development.—The factors that control the rate of development 


_imay be summarized as follows: 


(1) Speed of film.—The general rule is that the faster the film the slower 
is its rate of development. 

(2) Temperature——Temperature affects the rate of development in several 
as: The rate of diffusion of the developing solution into the pores of the 
| pelatin emulsion is faster as the temperature rises, Higher temperature also 


: speeds up the action of the developing agent. The density of the silver deposit 


increases rapidly at first. The amount deposited in a given time tends toward 


a limit and this limit depends upon the length of exposure. If a series of in- 
‘creasing exposure is given to a film and if density increases proportionately, 


the ratio of the densities between any two exposures is constant and independent 
of the time of development. 

(3) Character of the developing agent.—Some developing agents work more 
rapidly than others. 

(4) Concentration of the developing agent.—The greater the amount of the 
developing agent in a given volume of solution, the greater will be the rate of 
development. 

(5) Amount of the saatraiier present.—The restrainer changes the suscepti- 
bility of the exposed silver bromide to the reducing action of the developer 
and, therefore, affects the rate of development. It also affects the color of 
the silver deposit in the negative. 

224. Automatic development.—The factors that control development are the 
length of time that development is allowed to progress, the temperature of the 
developing solution, and the strength or degree of concentration of the solu- 
tion, If a correctly exposed film is developed for the proper length of time in 
a developer of known strength and at a known temperature a negative possess- 
ing the requisite qualities will be produced. It is possible to prepare a strong, 
highly concentrated developer which will complete the development in from 
one to two minutes, or a developing solution can be made so dilute that any 
desired number of minutes or even hours can be fixed as the developing time. 
Tov develop automatically, it is necessary to ascertain the developing time for a 
certain strength developer at a certain temperature. This may be done by 
correctly exposing a number of films and developing them individually in 
working solutions of different strengths and at different temperatures, and 
keeping an accurate record of the time required for complete development 
under each condition. This preliminary work, however, has been done for 
certain well-known developing formulas, and therefore the formula for each 
definitely states that with a certain amount of dilution of the stock solution 
prepared according to its direction and used at a certain temperature the 
development will be complete in a known length of time. In a word, the 
factors controlling development are time, temperature and strength of solu- 
tion, When these are known for any developer, the development can be 
entirely automatic. It is unnecessary for the operator when developing 
automatically to follow the progress of development by inspecting the film 
from time to time. Under the conditions mentioned development is automatic 
and the quality of the negative produced is in accordance with natural law. 
Once the exposure is made the extent to which the resultant negative can be 
shaped in character during development is negligible. The automatic method 
of development is a simplification of the operations necessary in negative mak- 


57712°—30-——12 177 


TM 2170-5 


TM 2170-5 
224-226 AIR CORPS 


ing which can be practiced when developing one film in a tray, or when 
developing a number of films simultaneously, in which case a special con- 
tainer should be used instead of a tray. In the latter case, which is ex- 
tensively employed, the process is known as tank development. It is the out- 
growth of stand and open tank development. (See pars. 225 and 226.) 

225. Stand development.—Stand development calls for the use of an exceed- 
ingly weak developer. The tank used is open at the top and the sides are 
grooved so as to hold the plates in a vertical position. The grooves also keep 
the plates separated at proper distances. Development is very prolonged, the 
plates being allowed to remain in the tank even for hours. 

226. Development in open tanks.—a. Improvement over stand develop- 
ment.—The use of a very dilute developer, as in stand development, requires 
hours in which to develop the plates and during such a long period the tem- 
perature of the developer will inevitably change, thus causing a speeding up 
or retarding of development according to whether the temperature rises or falls. 
Therefore, unless the temperature of the room in which stand development is 
undertaken is regulated, development will not be complete exactly at the time 
prescribed. As the regulation of the room temperature with sufficient exactness 
is usually impracticable, it is necessary to inspect the plates or films from time 
to time during development. 

b. Plate racks and film hangers.—To facilitate the inspection of a plate or 
film during its development in an open tank, the plate, before immersion in the 
developer, is inserted in a metal frame commonly called core racks, and the 
film in a metal frame known as a developing hanger. (See par. 217 f.) The 
plutes or films are left in these holders during development, rinsing, fixing, 
washing, and drying, thus making it unnecessary to touch the plates or films 
during any of these operations. These carriers take the place of the grooves 
in the tank used in stand development and enable the operator at any time to 
insert a plate or film first in its holder and. then in the developer, or remove 
it therefrom without putting the fingers into the solution. Also, by a slight 
movement of the hand across the tops of the holders, as they rest on the edges 
of the tanks, the operator may set the developer in motion at any time. During 
development by the open-tank method it is necessary to rub the hand gently 
along the tops of the racks so that the developing solution is slightly agitated 
or set in motion, and its action kept uniform throughout the tank, thus prevent- 
ing streaking or uneven development of the negatives resulting from the greater 
strength or density of the lower layer of the developing solution which forms if 
the developer is allowed to stand undisturbed for any length of time. 

c. Tanks.—The ends of the plate or film holders project and the tanks used 
are constructed so that when the plate or film is fully immersed in the developer 
in a vertical position the projecting ends of the holders will rest on opposite 
edges of the tank. A large number of plates or films thus suspended can be 
immersed in long tanks and held, and any one can be easily lifted out and 
examined at any time to note the progress of development. 

d. Advantages of open tank method.—The open-tank system affects a remark- 
able economy of working space, time, and material, and is clean and con- 
venient in practice. A single operator working under the system can fix and 
put through the washing tank 150 negatives during an hour and is more cer- 
tain of good printing negatives than if development were accomplished by the 
much slower and more tedious inspection method in a tray. Moreover, the 
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open-tank system does away with stained fingers if a pyro developer is used 
and obviates the necessity of keeping the hands or fingers immersed in alkali or 
cold solutions. The tanks, however, must be kept scrupulously clean and 
snould be scrubbed out thoroughly as often as may be necessary with a dilute 
solution of hydrochloric acid. 

ce. Technique of mcthod.—The open-tank method of developing requires clean- 
liness in every way—clean tanks, clean solutions, clean racks, ete. The tem- 
perature is a vital point of the system. It must be uniform and between 62° 
and 68° F., with 65° F. as the point giving the best results. In using this 
system precaution should be taken to see that the room temperature cor- 
responds with that of the working solutions. This can be easily accomplished 
by preparing the working solutions sufficiently in advance and allowing them 
to stand in the room until they reach the room temperature. The developing 
solution can be used repeatedly if care is taken to strengthen the bath by the 
addition of fresh developer as needed, so that it will work at a predetermined 
time and temperature. To prevent the oxidation of the developer when it is 
not in use a floating cover is fitted inside the top of the tank in such a manner 
that it lies on the surface of the developer. This cover also prevents evapora- 
tion of the solution and keeps the dirt out of it. After the plates have been 
thoroughly fixed and washed they are suspended to dry in their racks. Film, 
however, should be removed from the hanger and laid on a piece of wet glass 
and swabbed front and back with a piece of wet raw cotton and then rinsed 
and by means of a clip attached to the edge or corner, suspended to dry on a 
convenient line in a current of air and away from dust. 

227. Development in closed tanks.—a. When to be employed.—The open- 
tank method of development has been explained in paragraph 226 somewhat 
in detail so that whenever occasion demands the development of large numbers 
of plates or cut films at one time it can be used. If a small number of plates 
are to be developed, it will be found more economical and expeditious to use the 
closed-tank method. 

b. Types of closed tanks.—There are two types of closed tanks used in mili- 
tary photography—namely, a small tank designed for the simultaneous develop- 
ment of 12 plates and a large tank especially designed for the development of 
aerial film in rolls. The instructions for the use of the plate tank will conclude 
this paragraph, while those for the aerial film tank and use of accessory 
apparatus, known altogether as the K-1 developing outfit, are fully covered 
in TM 2170-6. 

c. Eastman plate tank.—The plate tank usually employed is known as the 
Eastman plate tank. It is of metal with removable water-tight top and 
of inside measurements just sufficient to hold the requisite amount of develop- 
ing solution and a metal holder for 12 plates which is known as the cage. 
(See fig. 47.) 

d. Removing top of plate tank.—At the top on both sides will be found a lock 
which clamps the lid to the tank. When the dial side of the tank faces the 
operator the ends of these clamps should be pushed up as far as they will go 
and the hook ends then pressed forward. The lid can now be removed. In 
the top will be found a rubber gasket which should be renewed as often as may 
be necessary to keep the rubber soft and resilient so that when the top is 
clamped down on the tank it will be water-tight. 


179 


TM 2170-5 
227 AIR CORPS 


e. The plate cage—The cage or metal holder for the 12 plates is kept in the 
tank when not in use and should always be lifted into or out of the tank by 
the handle attached to the top. At the end of the hinged top is a clasp which 
secures the free end. An adjustable kit for smaller size plates may be used in 
the cage. By squeezing the ends of the cage the kit may be lifted out. With- 
out the kit the cage will take 8 by 10 inch plates, but with the kit, plates of 
other sizes such as 5 by 7 inches and 6% by 8% inches can be accommodated. 
Upon inserting the kit in one of the sets of notches, it will be found that while 


the top will fit into notches, the bottom is designed to rest in perforations in the 
frame of the cage. 


nd 
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FiGUrE 47.—Eastman plate tank developing outfit 


f. Attaching the loading device——The loading device is a gridded piece of 
metal that fits on the top of the cage when the hinged top thereof is unfastened 
and is lying against the side of the cage. The end of the loading device, that 
bears the manufacturer’s imprint, fits into the clasp of the cage while the other 
end fits under pronged edges of the cage. When using the device in loading, the 
cage is held at the top with both hands and the device moved back and forth 
with the thumbs and forefingers. The device is merely a guide for inserting 
six plates in six grooves in the cage and when it is moved it closes the six 
openings into which plates have been inserted and uncovers the remaining six 
grooves. 

g. Loading plates—Six plates are inserted in turn in the grooves of the cage 
through the guides furnished by the loading device. The plates should be 
inserted so that the emulsion sides face in the same direction. The loading 
device is then moved and it covers the grooves into which plates have been 
inserted and uncovers the remaining six grooves. The emulsion side of all 12 
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plates should face in the same direction. When the plates are inserted in 
the cage through the loading device, force should never be used but the plates 
guided down slowly in the grooves until the ends rest on the rubber pad in the 
bottom of the cage. When all 12 plates are in the cage, remove the loading 
device by first pressing the cage clasp outward and then lifting up the end 
of the device, which thus frees it. The h'nged top is now swung over so as 
to cover the end of the cage and the free end is locked by means of its clasp. 

h.. Filling tank with developer.—It is customary to fill the tank up to the line 
indented in it with developer of proper strength and at proper temperature 
before the londing of the cage is begun, so that immediately the cage is loaded 
it can be immersed in the developer. At the same time the developing solution 
is made ready a suitable container is filled with water of proper kind and at 
proper temperature for rinsing purposes, and into an additional container a 
fixing bath, also at the developing temperature, is poured. Each of these con- 
tainers should be large enough to permit the cage to be completely submerged 
in it. 

i. Lowering loaded cage into tank and closing tank.—Make sure that the 
hinged top of the cage is locked, then lift the loaded cage by its handle and 
lower it slowly into the developer contained in the tank. The manner in which 
it is lowered is important. If this operation is not performed correctly air 
bubbles will form on the surface of the plate. Now put the top on the tank 
and press the hooks over the prongs in the top designed therefor; press down 
the two ends of the clamps at the same time as solidly as possible. Set the 
clock dial on the side of the tank for the time development will be completed. 
This dial is convenient when a number of tanks are being operated at one time. 
Dur'ng the progress of development the tank should be reversed every two 
minutes. The reversing of the tank should be done slowly so that the cage 
containing the plates will slide to the bottom or top of the tank, as the case 
may be, and not strike it with sufficient force to injure the plates. 

j. Rinsing, fizing, and washing plates—Upon expiration of the time set for 
development, remove the top of the tank in the manner directed in d above, 
lift the cage with plates in it out of the tank by its handle and immediately 
immerse the cage and plates in the rinse water and wash them off thoroughly. 
Allow the rinse water to drain from the plates for a few minutes and then 
immerse the cage containing the plates into the fixing bath. Allow the plates 
to remain there until they are completely fixed. After the plates are fixed 
they are washed in the cage, and upon completion of washing they are then 
removed from the cage. To remove the plates, open the top of the cage and 
turn it back until it rests on the side of the cage. While holding the cage 
by this side with the left hand, the folded back top being under the hand, 
place the right hand over the open end of the cage and tilt the bottom up 
slightly so as to cause the plates to slide out of their grooves and against the 
right hand. This will make the end of each plate protrude sufficiently from 
the cage so that the plate can be grasped by its edges and drawn out. Rest 
the cage in the bottom of the developing sink and withdraw each plate one at 
a time, handling it by the edges. Then gently swab the emulsion side of the 
plate with a wetted tuft of raw cotton or chamois skin and set the plate in the 
rack to dry. 

k. Placing plates to dry.—The plates, held in drying racks, are set to dry in 
the usual manner, which is fully explained in paragrapli 217 1. 
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228. The duplication of negatives.—a. How a negative is duplicated.—If an 
unexposed plate or film is brought into contact with a negative and light 
passed through the negative so that it will impress the plate that is in contact, 
thus following the manner of contact printing, and the plate thus exposed 
is developed, the result will be what is called a positive or transparency. A 
common example of a small-sized positive is a lantern slide. Now if the 
printing described is repeated with the transparency or positive in contact 
with an unexposed plate, the result will be a negative. It will thus be seen 
that the process of duplication is merely a form of contact printing in which a 
plate or film is used instead of a sheet of photographic paper. The positive 
and secondary or duplicate negative can be made by projection in a projection 
printer or enlarger as well as on a contact printing machine. 

b. When negative duplication is neccessary—The obvious value of duplicating 
a negative is to save the original negative from the danger of breakage or dam- 
age by continued use, especially when personnel is inexperienced or unskillful. 
Also when a great number of prints are needed and it is necessary to employ 
several persons in making them the use of duplicate negatives suggests itself. 

c. The technique of negative duplication—The most usual manner of making 
duplicate negatives is by means of a contact-printing machine. As the plate 
or film is much more light sensitive than the photographic paper ordinarily used 
on such machines, some means must be employed of reducing the strength of the 
light in the printer. This can be done by use of a rheostat attached to the 
standard printer and the substitution of lights of lesser candlepower than those 
ordinarily furnished. The rheostat installed on the printer should have six 
contact points, so that within this range the current intensity can be varied. 
With the handle on the third point and 40-watt lights substituted for those 
ordinarily used in the printer, this machine will be found satisfactory for the 
duplication of negatives, and a normal positive or negative can be printed with 
an exposure of approximately two seconds. With a thin transparency an addi- 
tional point of resistance should be added by means of the rheostat, and thus 
by moving the control lever of the rheostat the resistance can be increased or 
reduced and the intensity of the light regulated to suit the density of the nega- 
tive or positive. The positive should be developed until the shadows are 
partially veiled over when viewed by transmitted light, as it will be found that 
the positive will bleach considerably in the fixing bath. The development must 
be carried far enough to allow for this bleaching. If the positive is too thin 
the shadows will become fogged and must be held back considerabty in printing 
at the expense of a great deal of detail in the shadows. The making of the 
positive and secondary negative by projection is similar to the making of an 
enlargement or print on paper. However, care must be taken that a suitable 
kind of safe light is used and that the laboratory is sufficiently light tight to 
permit the handling of plates or film. This method of duplicating negatives 
is not popular, as there is usually some loss of definition and the printing light 
is more difficult to control. 

d. Improving a negative by duplication.—In reproducing a valuable negative, 
in order to safeguard it, the endeavor should be to duplicate it so as to match 
the original aS to negative quality. By careful attention to details the pro- 
duction of a positive of required quality can be accomplished and the negative 
made from it will be comparable to the original. However, the process of 
duplication affords latitude or flexibility of such an extent that if the essential 
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factors in negative duplication are thoroughly understood the secondary negative 
made can be an improvement over the original negative. For example, the 
original negative may be very uneven in density and by proper dodging (see 
par. 244 h) in printing, a positive of even density can be produced from which 
a negative of like density can be obtained. However, the latitude of this re- 
production process does not stop here, for by the selection of plates or films 
of certain kinds of emulsions and by developing for contrast or flatness an 
increase or decrease of the contrast of the secondary negative when compared 
with the original can be accomplished. For exact reproduction the use of 
commercial film for making the positive and secondary negative is advised. 
However, if the original negative lacks contrast the positive should be made on 
process film and the secondary negative on commercial film or in extreme cases 
the duplicate negative can also be made on process film and the degree of con- 
trast can thus be doubled. On the other hand, if there is too much contrast 
in the original negative the positive and duplicate negative should be made 
on commercial ortho film which should be fully exposed and overdevelopment 
guarded against. In this way the excess contrast of the original negative can be 
discarded when making the secondary negative. It should alSo be noted that 
the density of the secondary negative can be controlled when printing from 
a positive. Thus, negative duplication is a method of intensifying a negative. 

229. The reduction of negatives.—a1. Explanation of process.—By treating 
suitably an excessively dense negative, after it has been fixed, it is possible to 
correct to some extent the error made in the calculation of the exposure or in 
the length of development; that is, if the negative is so contrasty, or so dense, 
that it is impossible with a reasonable amount of exposure to obtain a print 
or an enlargement that will show the finer detail, the density in the negative 
can be reduced. However, reduction should be practiced only when necessary. 
The process consumes time which might have been saved by using more care 
in calculating the exposure and in developing the negative. If the photo- 
graph can be retaken, it is better practice to do this than to rely on reduction. 
In some instances it is not possible or convenient to make another exposure 
and the best prints possible must be obtained from the negative already made, 
Only under such circumstances should reduction be resorted to. While the 
results of careful reduction are passable, they are not so good as when the 
exposure or development has been correct. Reduction simply removes a part 
of the silver from the image. The reducing solution used is the hypoferri- 
cyanide reducer often called Farmer’s reducer. The action of this reducer is 
to remove a layer of silver from the entire negative; that is, the density of the 
high lights is decreased along with the density in the shadows. It should be 
remembered that proportionately more of the silver is taken from the shadows 
than from the high lights, as this reducer removes an even layer of silver from 
the entire negative. Thus, with a negative having little contrast between the 
high lights and the shadows, the reduction of some silver from the high lights at 
the same time removes the same amount of silver from the shadows. There 
being more silver in the high lights than in the shadows, a greater portion of 
the silver in the latter is removed than in the former. The effect of this action 
of the reducer is to increase the contrast between the shadows and the high 
tights and, therefore, when the reducer is used great care must be employed 
not to carry the reduction too far, as all the shadow detail will disappear. 
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b. The technique of reduction.—At the moment of commencing reduction add 
enough of a freshly made solution of potassium ferricyanide to a freshly made 
solution of sodium hyposulphite to impart a slight yellow color to the combined 
solution. The ferricyanide solution added should consist of one-half ounce of 
that chemical dissolved in 10 ounces of water. It must always be made im- 
mediate!y before use, as it will not keep. The hypo solution should be made 
up of about 2 ounces of hypo dissolved in 10 ounces of water. The chemical in 
each of these separate solutions should be completely dissolved before the solu- 
tions are combined. Into the working solution, made by combining the separate 
solutions, immerse the negative and watch it carefully. If the reduction is too 
slow, add a little more of the ferricyanide solution. The instant reduction 
almost reaches the degree desired, wash the plate in water. Do not keep the 
plate in the reducer until it has reached the exact point of reduction desired, 
as a certain amount of reduction continues after the plate has been placed in 
the wash water, and thus the reduction may be more than necessary. If it is 
desired to reduce a dry negative, it should first be soaked in water for at least 
one-half hour in order to open up the pores of the gelatin. If this preliminary 
washing is omitted the reducer will penetrate the thin parts of the negative 
before it can attack the denser portions. If convenient, the best time to reduce 
a negative is immediately after it has been fixed and before final washing. As 
it is taken from the fixing bath, the emulsion contains hypo which expedites 
reduction and often enough remains in the film to effect reduction in a simple 
solution of ferricyanide. The tray should be rocked during reduction to insure 
even action. Reduction is a valuable method of correcting overexposed, foggy, 
or veiled negatives since it increases contrast as it reduces density. It is also 
useful in improving negatives of black and white line drawings where color lines 
or a dense black background are desired. 

230. Negative defects.—a. The best practice is, of course, always to en- 
deavor to conduct photographic operations so as to avoid errors and defects, 
rather than to yield to the futile hope that mistakes can be corrected. The 
proper selection and storage of materials, care in the operation of the camera or 
iupparatus, the correct preparation of solutions, proper condition of trays and 
containers and the conscientious following of operation methods that are known 
to produce satisfactory results, will to a great extent insure against error. How- 
ever, mistakes will be made, but if the operator knows how to locate the causes of 
his errors and at the same time learns how to avoid them in the future, a mis- 
take, while properly the cause of chagrin to the conscientious worker, can be con- 
verted to a stepping stone to better results. The more common defects or errors 
in negative making will be listed in this paragraph in alphabetical order so that 
the student can readily refer to each in the effort to locate the cause of a defect 
and to learn how it may be corrected or avoided. The procedure followed in 
investigating the cause of a defect in a negative in hand should be systemati- 
cally conducted. It should be not merely a matter of running over the list and 
picking out the description of a defect that seems to apply. Often several 
deseriptions will apparently fit and a selection must be made if the student is to 
profit by the error. In cases of the latter kind, the practice should be followed 
of mentally going back and following the negative in hand through the opera- 
tions that were performed in sequence during its production, recalling the cir- 
cumstances surrounding each operation and reducing, by process of elimination, 
the number of possible causes of the defect at each step in production until, 
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having thus traced and studied the making of the negative from the beginning 
to its completion, the one and only cause of the defect under consideration will 
be finally revealed. In studying the defects in negatives us listed in b below, it 
will be noted that almost none of the remedies given are corrective, but are pre- 
ventive only. This alone should impress the student with the necessity of 
careful work in the preparation of a negative. 

b. Index of defects, their appearance, cause, and remedy. 


ABRASION MARKS OR STREAKS. 


Appcarance——Fine, black lines usually appearing in number and running in 
the same direction resembling pencil scratches. 

Cause.—F riction on the emulsion of the film caused by improper handling or 
storage of the film at some time between its manufacture and development. 
These streaks may be readily produced by laying two films face to face and 
sliding one upon the other when any particles of dust between the sensitized 
surfaces will produce fine lines or scratches. 

Remedy.—Great care should be taken in the storage of film and other sen- 
sitized material. The boxes containing such supplies should be stored on end 
in order that no pressure is exerted on the surface of the emulsion. Care 
should also be taken not to rub or drag a piece of sensitized material over a 
rough surface either before or during development. 


AIR BELLS. 


Appearance.—The effect of an air bell, or air bubble, rather than its ap- 
pearance, is usually noticed as a round transparent spot with sharply defined 
edges, 

Cause.—Bubbles of air forming on the surface of the emulsion during devel- 
opment or fixing preventing the action of the developer or fixing bath. If the 
bubble forms during development a white or transparent spot the size of the 
bubble will result in the finished negative. If the air bell occurs during fixa- 
tion a black spot will result due to the fact that development continues within 
the bubble which shields the area of the film covered by the bubble from the 
fixing bath. 

Remedy.—Immerse film carefully and thoroughly in the developing and fix- 
ing solutions; move film during development and fixation in order to break up 
and prevent air bells. Water always contains some air and when there is a 
rise in temperature this air is expelled and gathers in the form of small bubbles 
on the inside of the tank and also adheres to the surface of the film during 
the preliminary stages of development. The precaution against this trouble is 
to draw the amount of water needed for development before beginning develop- 
ing operations and allow the water to stand for several hours at the tempera- 
ture required for use. 


BLack spots. (See Spots.) 


BLISTERS. 


Appearance.—Blisters on negatives resemble the familiar ones which arise 
on the human skin from slight burns. 

Cause.—Blisters are caused by fluid or gas formed between the emulsion and 
the film support when the solution has become too warm, and loosened the 
gelatin from its support. They are also produced by a developer and fixing 
bath that are both strongly concentrated so that in changing a film from one 
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to the other, there is a formation of gas between the emulsion of the film and 
its support. Blisters are frequently caused by insufficiently rinsing the film 
after development and placing it directly in a fixing bath having strong acid 
content. Another common cause of blisters is allowing water from the faucet 
to flow directly on the emulsion side of the negative. 

Remedy.—The descriptions of the causes of blisters indicate the manner of 
the avoidance of these defects. 


BLURRED NEGATIVE. 


Appearance.—Indistine: ness, or lack of definition in the negative image. 

Cause.—The subject was not properly focused on the film, or there was 
movement of the camera or of the subject, or through lack of proper adjust- 
ment all or only a portion of the film was not in register in the focal plane of 
the camera when the exposure was made. A blurred effect is sometimes pro- 
duced by moisture or haze on the lens, or a dirty lens. 

Remedy.—Care in focusing and in holding camera; keeping camera in proper 
adjustment and lens free of moisture or dirt. 


BROWN SPOTS. 


Appearancc.—Brown or sepia colorea spots or small areas on the negative. 

Cause.—Brown spots are produced by an oxidized developer or by fine par- 
ticles of chemicals settling on the film prior to development. This defect may 
also occur during the washing of the negative from excessive rust or impurities 
in the washing water. 

Remedy.—Avoid using a spent or oxidized developer. Do not use the devel- 
oping laboratory for the mixing of chemicals. Filter the water used for wash- 
ing. (See Spots.) 


CRYSTALLINE SURFACE. 


Appearance.—The surface of the emulsion of the negative pcssesses a crystal- 
line appearance suggesting frost on a window pane. 

Cause.—lInsufficient washing after fixing. Hypo remains in the film and 
crystallizes out. 

Remedy.—Sufficient final washing. 


DARK LINES. 


Appearance.—Dark lines running from the tops of dark objects. 
Cause.—These lines are not abrasion or friction marks, but are caused in 
tank development when the tanks are not reversed at regular intervals. This 
error allows the heavy deposit of silver to settle in the emulsion. 
Remedy.—Obvious. 


EXCESSIVE CONTRAST. 


Appearance.—The negative record of the high lights and even of some of the 
half tones of the subject are in density greatly out of proportion to the record 
of the shadows, with the result that in a print made from the negative the 
subject has a strained, hard, and otherwise unnatural appearance. 

Cause.—Overdevelopment. 

Remedy. Obvious. 
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FADING TENDENCY. 


Appearance.—Sepia or yellow colored stains or areas in the negative. 

Cause.—Incomplete fixation. Usually it results from insufficient washing. 
Remnants of the fixing bath left in the emulsion continue their action and in 
time this defect appears. 

Remedy.—Always fix and wash the negatives fully and properly. Final wash- 
ing is as important as any other operation in negative making. 


FINGER MARKS. 


Appearance.—Imprint of fingers on the negative. 

Cause.—l1mpressing wet or greasy finger tips on the emulsion side of the film 
before or during development or fixation. If the mark is merely an outline 
of the finger, it was caused by water or grease on the finger; if dark, by 
developer ; and if transparent or light, by the fixing bath. 

Remedy.—Keep the hands clean and dry when handling dry film. The natural 
oils of the body are sometimes present sufficiently on the finger tips to consti- 
tute the grease referred to above. Handle film by the edges. When the fingers 
have become wet with water or solution, wash and dry them before attempting 
to handle film. Keep the hands out of the fixing bath as much as possible, but 
whenever it becomes necessary to place them in the solution, always wash them 
thoroughly before handling the film. 


FLATNESS. 


Appearance.—Insufficient contrast between the high lights, half tones, and 
shadows in the negative reproduction of the subject. 

Cause.—Flatness in the negative usually results from underdevelopment. 

Remedy.—Continue development for the proper length of time. 


Foe. 


Appearance.—A fine black deposit or veil of silver on the negative which does 
not form a part of the image. 

Cause.—Fog is of two general kinds, namely, that produced by light, called 
“light fog,’ and that due to undesirable chemical action before or during de- 
velopment, which is known as “ chenical fog.” The common causes of both 
kinds of fog are unsafe safe light, light-struck negative, forced development, 
improper storage, incorrect loading, and defective camera or magazine or holder. 

Remedy.—Test the safe light and, if necessary, make it safe. See that the 
dark room or laboratory is safe and that extraneous actinic light from the out- 
side is not entering and reaching the sensitized materials. Make sure that the 
developer has been properly prepared and that it is not too energetic due t8 its 
being too warm or having an excessive amount of carbonate or an insufficient 
amount of sulphite, or, if found to be correctly compounded, that development 
is not carried beyond the normal time. Do not allow sensitized photographic 
materials while in storage to come into contact with the fumes of coal gas, 
benzine, turpentine, or sulphide. Caméras and magazines or holders should be 
frequently inspected to see that they are light-tight. 


FRILLING. 


Appearance.—The emulsion at the edges of the film is loosening from the 
support. 
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Cause.—(1) Careless handling; (2) using solutions that are too warm; (3) 
insufficient hardening of the emuls:on from insufficient fixation; (4) a spent 
fixing buth or one containing an insufficient amount of hardener; (5) excessive 
washing. Frilling is caused usually by the combination of careless or too fre- 
quent handling of the film and any mistake that will render the emulsion of the 
film soft. 

Remedy.— Handle film carefully and not too much; have all working solutions 
sufficiently cold and of proper freshness or strength. Wash film sufficiently, 
but never excessively. 


GAS BELLS. 


Appearance.—Minute pimples or blisters. 

Cause.—Transferring a negative from a strongly concentrated developer to a 
fixing bath strongly acid without thoroughly rinsing the negative after removing 
it from the developer and before immersing it in the fixing bath. In warm 
weather gas bells may appear even in developing and fixing solutions of normal 
strength if the rinsing between development and fixation has been insufficient. 

Remedy.—Thorough rinsing. 


HALATION. 


Appearance.—A dark band or area extending from the negative record of 
intensely bright objects in the subject, suggesting a double image, and appearing 
in the print as a halo or band of light around the object. 

Cause.—Photographing an intensely bright object that is surrounded by dark 
objects. The intense light penetrates the emulsion and is reflected back by 
the negative support. It usually occurs only when plates are used. 

Remedy.—wUse film or double-coated or nonhalation plates. A_ satisfactory 
negative can be made of an object surrounded by objects that transmit or reflect 
intensely bright light, thus constituting a subject possessing a range of contrast 
beyond the powers of a photographic plate or film to record correctly by the 
usual methods, by using film or a double-coated or nonhalation plate and giving 
full exposure and full development in a developer containing at first but a small 
amount of accelerator, which is increased in small quantities added gradually 
aus development slowly progresses. 


LACK OF CONTRAST. (See Flatness.) 


LINES SUGGESTING LIGHTNING. 

Appearance.—Fine, opaque, forked or branched lines resembling lightning. 

Cause.—Statie electricity produced by friction as the film passes through the 
camera. 

Remedy.—Discover and remove the cause of the dragging or rubbing on the 
film. With hand-operated roll film cameras, do not turn the film too quickly, 
especially in cool, dry weather. 


NEGATIVES TOO DENSE. 
Appearance.—Negative image composed of a too heavy silver deposit which 
diminishes the normal or desired degree of transparency. 
Cause.—Overexposure, overdevelopment, or combination of the two. In addi- 
tion to the heavy image there may be a veiling of fog produced by overdevelop- 
ment. (See Fog.) 
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Remedy.—Obvious. The proper degree of transparency for a negative is 
best found in making a print from the negative rather than by merely looking 
at the negative as it is held in front of a light. 


NEGATIVES TOO THIN. 


Appearance.—Insufficient silver deposit forming the negative image which is 
apparent from the excessive degree of transparency. 

Caouse—Underexposure and underdevelopment, or combination of the two. 

Remedy.—Obvious. 


OPALESCENCE,. 

Appearance.—A whitish appearance of the emulsion, suggesting the color of 
an opal. 

Cause.—Use of alcohol to hasten the drying of an insufficiently washed plate 
or lantern slide. 

Remedy.—Return opalescent negative or slide to fixing bath and allow it 
to remain in that solution until the opalescence has disappeared and then 
thoroughly wash it. 


Notge.—Never attempt to use an alcohol bath to hasten the drying of film, as alcohol 
will dissolve the film support. 


OPAQUE spots. (See Spots.) 


PURPLE DISCOLORATION. 


Appearance.—Purple-colored stain. 

Cause—High iron content in water with which chemicals were mixed. Fre- 
quently occurs when negatives are allowed to stick together in the fixing bath 
so that fixation does not take place in the adhered areas of the two emulsions 
and development continues in them even while the film is in the fixing bath. 

Remedy.—If practicable, filter thoroughly all the water used for washing. 
A simple method of doing this is to tie felt, or a good straining material, over 
the faucets supplying the running water in which negatives are washed. 
Negatives must be kept in motion in the fixing bath. 


PIT MARKS. 


Appearance.—Fine holes or pits in the emulsion. 

Cause—Excessive amount of alum in fixing bath; sulphurous precipitation 
from the fixing bath when negatives are fixed in a tray; too rapid drying of 
the negative. 

Remedy.—Obvious. 


RETICULATION, 


Appearance.—Leatherlike graininess of the emulsion of the negative. 

Cause.—Too great a difference in the temperatures of the baths, or between 
final wash water and air in which negative is dried. Due to the temperature 
of a solution or wash water, the gelatin of the emulsion may become badly 
swollen and upon shrinking will contract irregularly, due to the metallic silver 
incorporated in the emu'sion. 

Remedy.—Keep all solutions cool and at uniform temperatures. Under tropi- 
cal conditions, use a concentrated developer and short development. The re 
ticulation effect may sometimes be removed by placing the negative in a 10 
per cent solution of formaldehyde for a few minutes and drying in front of a 
fire. 
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REVERSAL OF THE IMAGE, 


Appearance.—lositive image when the negative is examined by transmitted 
light. 

Cause.—Reversal of the image is generally caused by an unsafe dark room 
lamp or by exposing the film to light during development and before fixing. 
The image which first develops serves as a negative, and, on exposure to light, 
an image is printed on the emulsion below just as in the case of making a 
print. This develops upon further development, the image produced being, of 
course, a positive. 

Remedy.—Make safe light safe; avoid developing too close to safe light; 
avoid holding negative too close to safe light for prolonged view during process 
of development. Also make sure that dark room is light-t:ght. 

SPOTS. 

Appearance.—Spots may be transparent, opaque, or semiopaque, depending 
upon the cause of each, and may also be sharply defined or the edges may be 
soft and show a gradual blending to the normal color of the negative, 

Cause.—White or transparent spots indicating an absence of silver deposit 
may be caused by dust on film during exposure or development. The dust pre- 
vents the light or the developer from acting on the emulsion lying beneath the 
particles and as the dust is washed off either during fixing or washing the 
film remains clear. The effect of an air bell is to produce a spot. (See Air 
bells.) Floating chemical dust may settle on a film either before or after 
development and the particles of chemicals settling on the film before develop- 
ment may destroy its sensitiveness to light in the portions of the emulsion that 
they cover. Hypo dust will dissolve away a portion of the emulsion. To 
produce a white spot after development, the chemical must dissolve the silver. 
Thus, if particles of potassium ferricyanide adhere to a moist negative during 
drying, fine white spots having a cometlike tail will result. Opaque, semi- 
opaque, or black spots result from actual particles of grit or foreign matter 
on the negative or imbedded in the emulsion. Dust or particles of iron rust 
in the wash water will cling to the film during washing unless carefully wiped 
off. Particles of hydroquinone, pyro, metol, sodium carbonate, ete., settling on 
the film before development will cause more development to occur in these 
spots, while if the chemical dust settles after development, stained Spots may 
be formed. Any undissolved particles left in the developer on mixing, or any 
fine crystals which settle out from the developer when it is cold will settle on 
the film during development and cause spots. 

Remedy.—Keep the camera, magazine, and holder free from dust. Avoid 
mixing chemicals in the negative-making laboratory. See that all ingredients 
of a developer are dissolved before using the solution. Examine the developer 
to see that it is free of particles, and if not, filter it before using it. (See 
Brown spots.) 


STREAKS. 


Appearance.—Streaks and patches, just as in the case of spots, may be black 
or white or transparent. They are considered white if lighter than the sur- 
rounding area and vice versa. 

Cause.—Black patches or streaks may be due to—(1) uneven development 
caused by not flowing the developer evenly over the film, by not rocking the 
tray, or by not moving the film in the tank; (2) a splash of developer on the 
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film before developing; (3) a dirty tray or tank or using a fixing truy or tank 
for developing; (4) light fog. 1f the edges of the film are clear, the trouble is 
in the camera, but if fogged this is due to manipulation in the dark room. 
Certain kinds of resinous woods, varnishes, etce., will cause dark fog patches. 
White or transparent patches may be due to—(1) an obstruction in the camera 
which prevented the light from acting on the plate; (2) a “resist”? in the 
form of oil or grease, which has prevented the action of the developer; (3) a 
splash of hypo, or touching the film with hypo-soaked fingers before develop- 
ment. The hypo dissolves away more or less of the emulsion so that on develop- 
ing, the portion touched appears lighter than the rest. Drying marks in the 
form of teur drops or white patches are caused by splashes of water on a dry 
negative, or by leaving spots of water on the film before drying, especially if 
the film is dried in warm air. 

Remedy.—The precautions to be taken to avoid streaks suggest themselves 
when the cause of the streuk is traced. In many cases they can be avoided by 
care in operations and in the maintenance of apparatus. When placing a 
negative to dry always blot off excessive moisture from the emulsion side before 
leaving it to dry. 


TRANSPARENT SPOTS. (See Spots.) 


UNEVEN DEVELOPMENT. 


Appearance.—A streak or area of different density from remainder of the 
negative. 

Cause.—F ailure to immerse the entire surface of the film simultaneously, or 
allowing two films to adhere while in the developer, or from not keeping the 
film in movement by rocking the tray or reversing tank during development. 

Remedy.— Obvious. 


UNEVEN EMULSION. 


Appearance.—Variation in the thickness of the emulsion. 

Cause.—Faulty manufacture in that the emulsion was not evenly coated over 
entire surface of the film. 

Remedy.—Return sens:tized material to manufacturer for replacement by 
new material, inclosing film in original box or at least giving the manufac- 
turer’s number of the emulsion. 


UNEVEN FIXATION. 


Appearance.—Variation in density of certain areas of the negative. 

Cause.—Similar to the cause of uneven development, except that the defect 
occurs during fixation instead of during development. 

Remedy.—Obvious. 


WHITE DEPOSIT. 


Appearance.—_White granular deposit on surface of negative. 

Cause.—Exhausted or improperly prepared fixing bath. A sediment of sulphur 
is deposited over the surface of the negative which whitens when the negative is 
dried. 

Remedy.—Replace fixing bath; swab emulsion side of negatives before placing 
to dry. 
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WHITs spots. (See Spots.) 
YELLOW STAINS. 


Appearance.—Areas of the negative colored yellow. 

Cause—The commonest yellow stains are oxidization and silver stains which 
are due to—(1) weak or decomposed fixing bath; (2) slightly oxidized or ex- 
hausted developer; (3) failure to rinse negative between development and fix- 
ation; (4) uncleanliness, dirty trays, or impurities carried into developer from 
the hands; (5) hypo or fixing bath in the developer; (6) insufficient washing; 
(7) excessive amount of carbonate in developer; (8) leaving. negative insuf- 
ficiently covered in fixing bath resulting in fixation of area insufficiently covered 
only as far as first stage, which on exposure to the air will reveal a yellow 
stain. 

Remedy.—Obvious. 

231. Negative making in the Tropics.—a. Storage of materials.—The con- 
stant high temperature, accompanied usually with great humidity, of the climate 
encountered in some localities, especially those embraced in the word “ Tropics,” 
requires that special precautions be taken with respect to the storage of some 
photographic chemicals and especially of all photographic sensitized materials. 
When chemicals can be obtained in a powdered or dry form, and therefore will 
not deliquesce, they should be preferred to the crystalline or granular form that 
that will tend to liquefy in a humid atmosphere at high temperature. In the 
few cases in which the dry form can not be substituted, the crystalline, or readily 
deliquescent form, should be packed in properly sealed, suitable, waterproof and 
nonrusting containers, such as glass bottles. The smallest quantity or unit of 
sensitized material should be packed by the manufacturers in hermetically 
sealed metal containers coated with waterproof varnish to prevent the corrosion 
of the metal. The method of packing is well described in a technical order that 
has been issued by the Chief of Air Corps, of which the following is the sub- 
stance: Photographic plates in not more than 1 dozen lots; paper in 1 gross 
lots; film, 1 roll; and 3-film packs 4 by 5 inches, are to be packed in hermetically 
sealed metal containers made of terneplate or sheet zinc B. & S. gauge No. 22, 
the joints of these containers to be securely soldered. The expiration date will 
be stamped or indicated by a label securely attached to the outside of the con- 
tainer. The cans containing sodium carbonate and alcohol should be given a 
coat of Valspar varnish to prevent rusting. Sodium thiosulphate (hypo) may be 
shipped in ordinary kegs or barrels as supplied by the manufacturer. All other 
chemicals, including sodium sulphite will be shipped in sealed glass bottles prop- 
ertly packed to prevent breaking. Supplies shipped in sealed metal containers 
should be packed so as to prevent the liability of breaking the soldered joints. 
In addition to being packed as described, photographic sensitized material should 
be stored in a refrigerator or refrigerated room or cupboard. This is especially 
necessary in the case of hypersensitized aerial film, the storage place of which 
should never exceed a temperature of 60° F. Under some conditions, such as 
while traveling, it will not be practicable to keep sensitized material in a refrig- 
crated compartment. In such a case it should be kept at the normal, uniform 
outdoor temperature and must not be exposed to the direct heat of the sun. A 
specially constructed carrier will be found a convenience and will insure the 
keeping of the material. This can be a wooden box with the inside lined with 
sheets of asbestos and the outside covered with canvas arranged with flaps so 
as to shed water. Aerial film in its original sealed tins and cardboard boxes if 
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wrapped well in a blanket or similar material and kept out of the direct rays 
of the sun, will not suffer deterioration on account of excessive heat. Motion- 
picture film in original sealed cylindrical tins and cardboard boxes has success- 
fully withstood tropical climate when repacked in rectangular tin cans and 
soldered tight and the tin cases supported inside of wooden cases in such a way 
that there was a clear air space of more than an inch all around. A few ventilat- 
ing holes were cut in the outside of the box. 

b. High temperature methods generally—As pointed out in paragraph 221, 
either of the following two courses may be followed when developing at high 
temperature, first, bringing the temperature of water and necessary solutions 
down to standard temperature by cooling methods; or, second, at existing tem- 
perature using a special developer and a special hardening and fixing bath and 
water. The directions for following the first course appear in paragraph 221 f. 
The following subparagraphs are designed to give the necessary directions for 
following the second course, which is the one that must be pursued in the Tropics 
or elsewhere when there are no means for sufficiently cooling the water and 
solutions used in development. 

c. Developing.—Plates and films, after being exposed, should not be kept 
undeveloped at tropical temperatures, but should be developed as soon as 
possible after exposure. Otherwise, there may be a loss of density and on 
developing they may assume a mottled appearance. If the film is new this is 
not so likely to occur, but in the case of film which is from 6 to 12 months old 
it is advisable not to delay development for more than 1 or 2 days. In all 
cases, especially if the film has been exposed to sea air, it is advisable to 
develop it at the earliest possible opportunity. In the case of aerial film the 
best practice is to seal all the joints of the cover of the camera magazine with 
surgeon’s adhesive tape to prevent the circulation of air. 

The secret of developing at high temperature lies in preventing any abnormal 
swelling of the film before hardening is accomplished in the fixing bath. Other- 
wise, if the film once becomes swollen, subsequent hardening will not reduce 
the swelling, and, after washing, the film will dry very slowly. 

Before beginning development, all solutions should be brought as nearly as 
possible to the same temperature, it being most convenient generally to bring 
all solutions to the temperature of the wash water. If there is an abundance 
of wash water, place the developer and fixing trays in a large tray through 
which the wash water is circulating. 

Up to a temperature of 75° F. the regular instructions for development should 
be followed, modifying the time of development accordingly. If an acid fixing 
bath is employed containing an excessive amount of hardening agents, it 
is possible to exceed this temperature, although the risk is run of having pin- 
holes form in the film. These are due to the liberation of gas within the film 
by the action of the acid in the fixing bath on the sulphite and carbonate in 
the developer absorbed by the film. 

At temperatures up to 85° F. a strong, rapid developer should be used in 
conjunction with a chrome alum fixing bath, although such a developer with 
the usual kind of acid fixing bath containing white or potash alum has been 
successfully employed by some workers. At temperatures up to 95° F. a de- 
veloper of the kind described should be used in conjunction with a formalin 
fixing bath. At temperature of 95° F., if the plates are lifted to and from the 
various solutions by means of the fingers, the film is apt to become Separated 
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from the glass at the edges, causing frilling. If the plates are held in a metal 
rack, such as ua core developing rack, and not removed from it until they are 
taken from the wash water, trouble of this kind will be avoided. After de- 
veloping for the required length of time, rinse the plate in water for two or 
three seconds only and then transfer it to the fixing bath, taking care to move 
the plates around in the fixing bath for the first few minutes. 

d. High temperature developer.—Any strong, rapid developer may be used to 
which a small quantity of potassium bromide should be added. 

A pyro developer may oxidize and will have a tendency to produce stain. It 
has been found that the following paramidophenol hydrochloride developer, 
even with the potassium bromide, gives the least fog at high temperatures: 


Sodium sulphite (desiccated) ~.--.--._--------------- 1144 ounces. 
Paramidophenol hydrochloride____._____------------- 108 grains. 
Sodium carbonate (desiccated) --_____-_-_.----_---- 1% ounces. 
WV A COE 10 2x oe ee Eels 32 ounces. 


Dissolve the chemicals in the order given. The average time for development 
is about 3 minutes at 85° F, 

It has been found by some that the addition of chrome alum to the developer 
enables it to be used with perfect safety at a temperature of 33° C. (91° F.). 
It is impossible, of course, to use chrome alum with an alkaline developer be- 
cause of the precipitation of the basic chromium salt. The following is a 
formula that has been successfully employed: 


Sodium sulphite (dry) ------ 30 to 50 grams, or 230 to 380 grains. 
Chrome alum _----------_--- 20 to 30 grams, or 154 to 230 grains. 
AMI! fs seca A 5 grams or 38 grains. 

IW 8 (GP eee 1,000 cubic centimeters or 16 ounces. 


Dissolve the chrome alum in a little water and add to the sulphite in solution 
before adding the amidol. This developer is much more susceptible to the action 
of bromide than the usual amidol solution. 

e. High temperature developer for aerial fiim.—The formula given above for 
a developer of paramidophenol hydrochloride for tray use has been adapted to 
use in the K~-1 developing outfit for hypersensitized panchromatic aerial film. 
The developer was made up for use in the 19-gallon developing tank of this 
outfit, as follows: 


Paramidophenol hydrochloride-~_-._-__--_-..----~--. 1 pound. 
Sodium sulphite (desiccated) —~---_-_-..____----_-~-. 5 pounds. 
Sodium carbonate (monohydrated) —~-.-.-__-__-___.- 10 pounds. 
Wale (0222222562255 oso et ees 19 gallons. 


At 85° F. the development time in this solution is 8 minutes and the solution 
will last for the development of three or four 75-foot rolls of film. 

More recent experimental work at high temperature reveals that a plain 
pyro-soda developer can be successfully used and the following formula for the 
K-1 developing outfit has been repeatedly used with success in the development 
of hypersensitized aerial film: 


Potassium metabisulphite___-..____________________- 3 ounces. 
Sodium suiphite (dry or desiccated) _~---_.___.-_____ 1% pounds. 
Sodium carbonate (monohydrated) —~_--_______--_-__-_ 11%4 pounds. 
Potassium bromide____--..--___--.--______--_-____. 1 ounce. 
PYTOROING: -W@1G i262 ee a 1 pound. 
OY a ad et ee oe a 18 gallons. 
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At 82° F. the following are the times for development : 


Hypersensitized aerial film_____-----_-_-_---------- 4 minutes. 
Gratlex Mine 2s). cate Ss ea eo a ee eS 3 minutes. 
Woda ke TU on he ee ee ee 2% minutes. 
Eastman’s speedway plates__--_-__---------_-----~-- 2 minutes. 


This pyro developer should be used only while it is fresh, that is, within an 
hour, or at most a few hours, after mixing. Any thick scum forming on its 
surface should be brushed off before using. 

f. Rinsing.—If possible, plates or film should be rinsed between the develop- 
ing bath and the fixing bath. In the case of aerial film, it is good practice 
to acidulate the rinse water with acetic acid in the proportion of 1 ounce of 
glacial acetic acid to 1 gallon of water. This stops development instantly and 
insures to a large extent that the alkaline content of the developer in the 
plate or film coating is thoroughly neutralized before the plate or film enters 
the fixing bath. 

g. The fixing bath.—As stated in c above when the temperature does not exceed 
85° F. a chrome alum fixing bath or even a potash or white alum bath, made 
according to the formula contained in paragraph 197, can be used. If, how- 
ever, the temperature is above 85° F. but does not exceed 95° F., a formalin 
fixing bath should be used. 

The formula for the chrome alum fixing bath is as follows: 


Sodium hyposulphite crystals_____-_------. 7 ounces. 

Sodium sulphite (desiccated) ~---------~~-. 1 ounce 175 grains. 
Chrome ‘aluiiss 2 So a ee a 2 ounces 350 grains. 
Acetic acid (28 per cent) —~---__-__-__--~-_- 150 minims or drops. 
WY S0Cr: TOs ee eee 32 ounces. 


Dissolve the hypo in about 10 ounces of water. In another vessel dissolve the 
alum and sulphite together in about the same quantity of water at a tempera- 
ture not above 150° F. When the chemicals in both solutions are completely 
dissolved, pour the alum and sulphite solution into the hypo solution while 
stirring the latter, then add the acetic acid and add water to bring the com- 
bined solution up to 32 ounces. 

The chrome alum bath keeps well and is stable when slightly acid. If, 
however, the alkali in the bath exceeds a certain amount, by reason of the 
addition of an excess of sod:um carbonate carried over from the developer on 
the film, a green sludge will precipitate which renders the bath useless, and it 
should then be thrown awuy. It is important, therefore, to rinse all plates after 
developing, although the time for this should not exceed two or three seconds for 
the reasons already stated. The quantity of acid present in the fixing bath is 
calculated to compensate for any alkali carried over in this manner, although 
if too great a quantity of acid is present, it will cause reticulation and blisters. 

With the use of the white or potash alum fixing bath, formula for which is 
contained in paragraph 197, it has been observed that when the fixing bath 
becomes alkaline from the alkali content of the developer carried over in the 
coatings of plates or films, fog and stain may result. A method of removing 
these defects by subsequent treatment is unknown. In tropical development 
it is important that the fixing bath be always acid in reaction; that it have 
more than the customary amount of acid hardener; and that it be renewed fre- 
quently. The acid short stop for rinsing is an insurance that the acid hardener 
of the fixing bath does not become neutralized. If the film shows any signs of 
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reticulation it is evident that the fixing bath does not contain a sufficient amount 
of hardener, and, therefore, an additional quantity should be added. The fixing 
bath should be discarded before it becomes frothy, and a fresh solution pre- 
pared. The working of the fixing bath should be closely watched in tropical 
development, as almost all hot weather troubles come from an incorrect fixing 


bath. 
Following is the formula for the formalin fixing bath: 
Sodium hyposulphite crystals____._._____-~-. 9 ounces. 
Sodium sulphite (desiccated) __..__------_. 1 ounce 350 grains. 
Formalin (formaldehyde, 40 per cent) —-~_-. 414 ounces. 
W 8teCr (02e3 22 ee eee, 32 ounces. 


First, dissolve the hypo and then the sulphite and finally add the formalin. 
The fixing solution should be held in a container fitted with a lid and kept 
closed as much as possible. Otherwise, the fumes of the formalin are apt to 
prove very irritating. The bath keeps well and although a slight milky precipi- 
tate may form it will do no harm. However, as soon as the bath shows signs 
of exhaustion, it should be discarded. 

h. Washing and drying.—After thoroughly fixing the plates or film, wash them 
from 10 to 15 minutes. If running water is not available, wash in two or three 
changes of water. The drying should be conducted in as cool a place as possible, 
and may be hastened by the use of a fan. If developing operations are con- 
ducted at night they should begin so that it will be daylight when the plates 
or films are ready for drying. Otherwise, the insects which are in abundance 
at night, but disappear in the daytime, will eat the emulsion off the negative. 

232. The rapid production of photographs.—a. Necessity of rapid produc- 
tion of photographs.—Occasionally need arises for the taking and delivery 
of photographs in the shortest space of time possible. In order to do this, 
the photographer must eliminate all unnecessary operations and reduce to 
the minimum the time needed for the essential steps of the work. The secret 
of rapidly producing photographs lies in teamwork among those engaged: 
in the use of a rapid working developer and fixing bath; and in taking full 
advantage of every minute of time. 

b. Special developer.—A pyro-metol developer, made according to formula 
contained in paragraph 187, will be suitable provided it is sufficiently con- 
centrated. The amount of water used to dilute the stock solution in making 
the working solution should, therefore, be reduced until a developer is ob- 
tained with which the image will be completely developed in not more than 
45 seconds. Before attempting an exhibition of the rapid production of photo- 
graphs, it is advisable to test the developer with the brand of plates or films 
to be used so as to obtain exactly the time of development at a temperature 
of 70° F, as a slight variation in the developing time will affect results greatly. 
The plates should be briefly rinsed after development and immersed in a 
fixing bath of the kind described in c below. 

ec. Special firing bath.—Make up a fresh solution of three parts of sodium 
hyposulphite to 12 parts of water and when dissolved add to the solution 
one part of ammonium chloride (sal ammoniac). This solution should be 
used soon after mixing, as it does not keep well. When it is at a temperature 
of 70° F. it should fix a plate thoroughly in about two minutes. If a print 
is to be made from the negative by projection or enlargement, it is necessary 
that the gelatin of the plate be hardened so that in its moist state it will 


196 


TM 2170-5 
BASIC PHOTOGRAPHY 232 


withstand the heat of the lantern, hence the need of an acid hardener in the 
fixing bath. Accordingly, the following formula has been suggested: 
Sodium hyposulphite (35 per cent solution)... 250 grams. 


Ammonium chloride._...__----.-__--_-----. 50 grams. 
Chrome: Ql: eee ee es oo eee etek cae 15 grams 
Sodium bisulphite__....__-..-_-____-____-. 25 grams. 
WACO 00 ss 1,000 cubic centimeters. 


The temperature of this bath should also be kept at about 70° F. and fixa- 
tion is appreciably accelerated if the plate is kept in motion in the bath. 

d. Method of washing.—After fixing, rinse the plate for a minute in several 
changes of water at a temperature of 70° F. The usual prolonged final 
washing should be deferred until after the prints have been made. This is 
especially advisable if a projection printer or enlarging lantern is to be used 
in making the prints, because with no washing after fixation it has been 
found that there is less likelihood of blistering the emulsion in the hot lantern. 

e. Method of drying—wWipe off surp!us water with damp chamois skin and 
place plate in alcohol for about two minutes. Wipe off surplus alcohol and 
turn fan on plate. If it be desired not to take the time required for drying 
by this method, but to use the negative while still moist, the complete drying 
of the negative can be omitted. A film negative should never be placed in 
alcohol. 

f. Rapid printing methods.—If it be desired to finish the print with a title, 
the title should first be made on a transparent strip of thin celluloid or film 
and attached to the negative before printing. The print should be quickly 
developed in a concentrated developer, rinsed for two or three seconds, and 
immersed in an acid fixing bath for about 15 seconds and finally rinsed in 
water for 30 seconds. A photograph prepared in this hasty manner is, of 
course, not permanent, but will usually meet the immediate requirements. 
If the negative is to be printed while moist, three methods are available: 
First, by the use of a projection printer or enlarging lantern; second, by use of 
a contact printing machine; and third, by printing from negative under water. 
If the projection printer or enlarger is to be used, it is advisable to prepare the 
fixing bath according to the formula given in c above which contemplates the 
addition of a hardener. The moist negative must not be subjected to the heat 
of the lantern longer than necessary, and after the required prints are made, if 
the negative is to be preserved, it should be returned to the fixing bath for a 
Short time and then be thoroughly washed and dried in the usual manner. The 
method most commonly practiced in preparing a wet negative for contact 
printing is to rinse the negative for a few seconds after fixation and squeegee 
upon the film side a very thin sheet of celluloid to insulate the wet emulsion 
from the printing paper. A product on the market used for this purpose is 
known as “ Kodaloid.” The squeegeeing can be most conveniently done by 
placing the wet negative with this superimposed celluloid sheet between blotting 
paper and passing the roller over them. The outer side of the Kodaloid and 
the back of the negative must then be carefully dried when it can be placed 
in an ordinary printing frame or on a contact printing machine and prints 
made from it in the usual manner, This is probably the quickest method of 
making contact prints if six or more copies are required from one negative. 
If only one or two copies are needed, it is possible to curtail operations still 
further by avoiding the use of the ordinary printing apparatus and following 
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closely the method about to be described. This contemplates the use of a 
rather deep tray, which is larger than the negative to be printed from and 
which is placed on a level bench and almost filled with clean water. A sheet 
of glass is then laid in the tray and a sheet of soaked bromide paper placed 
face up on the glass. Finally on top of the paper is laid a sheet of very thin 
celluloid (Kodaloid). This must be almost as large as the tray. Care must 
be taken that no air is imprisoned between the printing paper and the celluloid. 
After fixation, the negative is placed face down on the celluloid and in 
register with the printing paper pressed firmly down to squeegee out the surplus 
water and an exposure made with a lamp hooked above the tray. This method 
of exposing the negative and printing paper under the water materially reduces 
the time necessary to that required for developing and fixing the negative 
and developing and fixing the print. At the same time, the risk of damage to 
the negative is insignificant. 

g. Drying prints—The drying of the prints can be hastened by immersing 
them in alcohol after the final rinsing. The surplus alcohol is blotted off and 
that remaining on the print is burned off by applying a light to it. The 
burning off should first be practiced so that the knack may be acquired of 
holding the print during the burning so that the flames will not scorch the 
paper. 

h. Permanency of negative.—If it be desired to keep the negative it should 
be thoroughly refixed and washed before filing. While brief development 
in a concentrated developer does not affect negative quality to a very notice 
able degree, it is not recommended where speed is unnecessary and the very 
best negative quality is desired. 

233. Training course.—The purpose of the training course prescribed in 
paragraph 234 is to illustrate by practical exercises the principles of negative 
making explained in the preceding paragraphs of.this section, so that a better 
understanding may be had of the whole subject. It is only by the study of the 
text in connection with the performance of such work that the knowledge 
and skill which the photographer must possess with respect to the important 
subject of negative making can be obtained. The practical work called for 
should be repeated until the student has had sufficient practice in the opera- 
tions involved to obtain a thorough grasp of the meaning of the paragraphs 
they are designed to illustrate. In determining the amount of such repeti- 
tion it should be realized that as negative making is a basic operation in 
photographie work and occurs in nearly all phases of it, the exercises should 
not be repeated beyond the point necessary for the student to acquire a 
thorough understanding of the working principles, leaving to the practical 
work, which the student will perform in connection with the study of the 
other subjects in this manual, the ultimate attainment of a satisfactory degree 
ut skill and efficiency in negative making. 

234. Instruction procedure.—a. At the completion of each of the exercises 
described in b, c, d, and e below perform the following: 

(1) Make one contact print from each negative. 

(2) Write a detailed criticism of each print, giving the exposure, develop- 
ing and printing data and state fully how in the taking or in the developing, 
improvements could have been made. 

b. Developing correctly exposed films.—(1) See paragraphs 214 to 217, 
inclusive. 
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(2) Take three correctly exposed photographs. 

(3) Keep a complete record of the exposure data. 

(4) Develop the exposed films and when dry study the negatives in con- 
nection with the data made in accordance with a above in an endeavor to de- 
termine the cause of any failure due to incorrect exposure or to incorrect 
development. 

NoTE.—As this exercise may come at the beginning of the student's course in photography 
it may be found more convenient for the instructor to supply the student with correctly 
exposed films, made in a camera or by printing from a positive, rather than for the 
student to attempt to make the exposure. As this exercise will usually constitute the 
student’s initial experience in negative making, it should be repeated until he has acquired 
sufficient skill in the mechanics of developing and likewise obtained such an under- 
standing of the principles described above as will furnish him with a suitable founda- 
tion for progression to the subsequent practical exercises. 


c. Varying the length of development.—(1) See paragraph 218. 

(2) Take three correctly exposed photographs of the same subject under 
exactly the same conditions. 

(3) Make a complete record of the exposure data. 

(4) Develop one film completely and properly, noting exactly the amount of 
time required for development; develop the second film for one-fourth of the 
normal time; and develop the third film for at least twice the norma! length of 
time. When dry study the three negatives in connection with the exposure and 
development data. 

d. Normally developing underezposures, correct exposures, and overerpo- 
sures.—(1) See paragraph 219 a, b, c, d, e, and f. 

(2) Take three photographs of the same subject, giving the first film about 
half the correct exposure; the second, the full correct exposure; and the third, 
about three times the normal exposure. 

(3) Make a complete record of the exposure data. 

(4) Develop each film for the normal length of time and when the negatives 
are dry study them in connection with the exposure data and endeavor to 
determine the cause of any failure due to incorrect development or otherwise. 

e. Varying the length of development of undererposures and overerposures.— 
(1) See paragraphs 219 g, h, i, and j, and 220. 

(2) Take four photographs of the Same subject, underexposing two and over- 
exposing two. 

(3) Make a complete record of the exposure data. 

(4) Develop the four exposed films as follows: 

(a) Underdevelop one of the underexposures. 
(6) Underdevelop one of the overexposures. 
(c) Overdevelop one of the underexposures, 
(d@) Overdevelop one of the overexposures. 

(5) When dry, study the negatives in connection with the exposure data 
recorded. 

f. Developing at high and low temperatures.—(1) See paragraph 221. 

(2) Take four correctly exposed photographs. 

(3) Make a complete record of the exposure data. 

(4) By the use of ice, cool the developer to a temperature of 50° F. and 
develop two of the exposed plates; then by heating the developer or preparing 
a fresh supply with warm water, develop the remaining two films at a tem- 
perature of 80° F. 
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g. Developing with dilute and concentrated solutions.—(1) See paragraph 222. 

(2) Take film photographs of the same subject as follows: Three correctly 
exposed; one underexposed; and one overexposed. 

(3) Make a complete record of the exposure data. 

(4) Develop one of the correctly exposed films in a working solution of the 
developer of half the normal strength; another correctly exposed film in a 
working solution of normal strength; then add enough stock solution to the 
working solution to make it twice as concentrated as it was, then develop 
in it the remaining correctly exposed film and the underexposed and over- 
exposed films. 

h. Vary.ng the composition of the developer—(1) Read paragraph 223. 

(2) Take eight correctly exposed photographs. 

(3) Make a complete record of the exposure data. 

(4) Before proceeding to develop any of the exposed films, give each an 
identifying number. 

(5) Prepare a working solution of a developer which will contain only half 
the normal amount of the developing agent or agents. Develop two of the ex- 
posed films in this solution for the normal length of time, keeping a record of 
the kind of developer and of identifying numbers of the films developed in it. 

(6) Prepare a work'ng solution of a developer which will contain only half 
the normal amount of the preservative or sodium sulphite and develop two of 
the exposed films in this solution for the normal length of time, keeping a record 
of the kind of developer and of the identifying numbers of the films developed 
in it. 

(7) Prepare a working solution of a developer which will contain only half 
the normal amount of the accelerator, or sodium carbonate, and develop two 
of the exposed films in this solution for the normal length of time, keeping a 
record of the kind of developer and of the identifying numbers of the films 
developed in it. 

(8) Prepare the normal working solution of a developer and then add 
potassium, brom'‘de until the total amount of the bromide in the developer will 
be twice the normal amount, then develop the remaining two exposed films in 
this developer for the normal length of time, keeping a record of the kind of 
developer and of the identifying numbers of the films developed in it. 

(9) When all negatives are dry, make a careful study of each in connection 
with the exposure and development record so as to obtain a clear conception 
of the effect of varying the composition of the developer. 

i. Developing in closed tanks.—(1) See paragraphs 224 to 227, inclusive. 

(2) Take three correctly exposed photographs on plates. 

(3) Make a complete record of the exposure data. 

(4) Develop the negatives in a closed tank, keeping a record of the strength 
of developer used, the temperature and length of development. 

(5) When negatives are dry, make a careful study of them in connection 
with exposure and development records. 

j. Developing in closed tanks.—(1) See paragraphs 224 to 227, inclusive. 

(2) On a contact printing machine which has been properly adjusted, make 
three positives on film from the same negative. 

(3) Develop and otherwise finish the positives. 

(4) From the best positive, made in accordance with (2) above, print on film 
three duplicate negatives. 
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(5) Develop and otherwise finish the duplicate negatives and study them in 
comparison with the original negative. 

k. Reducing negatives.—(1) See paragraph 229. 

(2) Take one correctly exposed photograph and one overexposed photograph 
of the same subject. 

(3) Make a complete record of the exposure data. 

(4) Normally develop both exposed films. 

(5) Reduce the overexposed negative and study it in comparison with the 
correctly exposed negative. 

l, Identifying negative defects.—See paragraph 230 and, if possible, make 
negatives that will have the defects described. 

Nortn.—To save time and material the instructor should have as large a collection 
of defective negatives as possible. The defective negatives made by students in study- 
ing negative making should be retained for this purpose. 

m. Developing at high temperature without cooling water or solutions.— 
(1) See paragraph 231. 

(2) Take three correctly exposed photographs. 

(3) Make a complete record of the exposure data. 

(4) Develop the exposed film with solutions and water at a temperature 
of 90° F. 

(5) When dry study negatives in connection with exposure and develop- 
ment data. 

n. Finishing a photograph with greatest rapidity possible—(1) See para- 
graph 232. 

(2) Take a correctly exposed photograph, develop the plate or film and make 
a print from it in the shortest space of time possible. 
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235. Printing defined.—The production of the negative is but an intermedi- 
ate step in the making of the photograph. In the negative, the light and 
shade of the subject are reversed, that is, black in the subject is clear glass, 
and white in the subject, black. From the negative, therefore, the image as 
recorded must be reproduced with the light and shade in the opposite and 
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correct order so that the reproduction will show the subject in the tones in 
which it appeared to the eye when it was photographed. The work of making 
such a reproduction is known as printing, and a print may be defined as a 
positive made by passing white light through a negative and thus obtaining 
the true tonal values of the subject as they appeared to the eye when photo- 
graphed. As the extent to which the printing light affects the paper at any 
point is controlled by the degree of transparency of the negative at that 
point, intensity is thus in proportion to transparency and the result of printing 
is to produce a transposition of the graduations present in the negative. 

236. Importance of printing.—Printing is perhaps the most interesting step 
in the making of the photograph and it is as important as it is interesting. 
While the necessity of correctly lighting the subject, accurately calculating 
the exposure and skillfully making the negative can not be too strongly em- 
phasized, it is after all the finished print that has been the end in view from 
the beginning of the successive steps required in the making of the photograph. 
If success in printing is to be consistent and not accidental, the photographer 
must have a working knowledge of the chemistry involved and knowledge and 
skill enough to transpose the gradations of the negative so as to obtain in the 
print a correct monochromic representation of the tones in the subject. No 
matter how perfect the negative may be, if a satisfactory print can not be 
made from it the steps leading up to the production of the negative have been 
largely in vain. It is by the print that the public judge the quality of the 
work done. 

237. Printing papers.—It is assumed that the student has read Section VIII 
on negative making, and paragraph 151 concerning the nature of the photo- 
graphic emulsion, and from this reading learned that one kind of light-sensi- 
tive paper suitable for printing can be produced by coating paper with the 
emulsion used in making films and plates. Perhaps the most perfect positive 
that is possible from a negative can be produced by making a contact print from 
it on the same kind of film of which the negative was made and viewing the 
result in the direct rays of light. The coating of the emulsion on paper, how- 
ever, necessitates the viewing of the positive by reflected light and this results 
in the loss of very fine cetail otherwise observable in a film positive or trans- 
parency when held up to the light. <A further sacrifice of gradation and detail 
possible in the production of paper positives is purposely suffered in order to 
obtain greater convenience or ease of manipulation, the kind of emulsion coated 
on paper being made less sensitive to light than a plate emulsion so that the 
paper can be handled with safety in a greater amount of light in the dark 
room. There is, therefore, a little compromise made and a slight loss suffered 
in tone reproduction whenever a paper print is made from a negative. How- 
ever, while these deficiencies should be known they should not be allowed to be 
discouraging, because with the great range of excellent printing papers avail- 
able they are not very material in the usual type of everyday practical work. 

It would be beyond the purpose of this manual to include a description of 
all the various kinds of printing papers used in photography and in view 
of this in order that the instruction herein given may be thoroughly practical 
and sufficiently explicit for training purposes, this section will be confined 
to the kinds of paper used in Air Corps photography. These are all coated 
with an emulsion similar to that used in plate or film making. The paper 
having the emulsion nearest in character to the plate emulsion is called 


202 


TM 2170-5 
BASIC PHOTOGRAPHY 237-239 


bromide paper, because like the plate, potassium bromide was used in the 
making of the emulsion. Bromide paper is very sensitive to light and at 
present is used in photographic enlargement because the light available in 
enlarging apparatus is never very intense. At one time bromide paper was 
the only paper used in the Air Corps for contact printing and its use for this 
purpose even now should be understood because field conditions may at times 
make it necessary to substitute it for the chloride paper (which will be 
described later) that is now being used. Bromide paper possesses the advan- 
tage of speed when a weak printing light must be used, and moreover the 
long gradation of tone possible with it closely approaches that of a plate 
or film, thus making it possible to obtain a print that will closely approach 
perfect reproduction of negative quality in the positive. On account of its 
speed, however, bromide paper, must be handled in a dimly lighted dark 
room like a plate or film and as the large quantities of prints necessary in 
Air Corps photographie work keep personnel in the dark room for protracted 
periods, a less sensitive paper, called by such names as chloride paper, 
development paper, developing-out paper or contact printing paper, has come 
into general use because it permits of the use of a greater amount of light 
in the dark room, which it is thought is less depressing on personnel, This 
type of paper may be safely handled in the dark room under weak, artificial 
light and the designation “chloride” paper suggests the fact that sodium 
chloride, instead of potassium bromide, was used in the manufacture of its 
emulsion. The result of this change in the emulsion ingredients is not only 
a slower emulsion, but one giving greater contrast in the print, thus making 
the paper especially suitable for negatives that lack density or contrast. 
Sodium chloride is also added to a bromide emulsion and the result is known 
as a chloro-bromide emulsion. To recapitulate, the kinds of paper used in 
Air Corps photography so far as the emulsion is concerned are, chloride, 
chloro-bromide, and bromide, and slow, medium, and fast with respect to 
speed or degree of sensitiveness to light. 

238. Contact printing.—In contact printing, the print or photograph is 
made by placing a piece of light-sensitive paper in perfect contact with a nega- 
tive, emulsion to emulsion, and exposing the paper by allowing strong white 
light (that is actinic or photographically active light) to pass through the nega- 
tive to the paper for a sufficient length of time to produce a latent image in 
the paper emulsion and then developing this latent image into a visible positive 
image of black metallic silver. The necessary operations are performed in 
sequence as follows: 

a. Placing the negative on the contact-printing machine. 

b. Bringing a sheet of light-sensitive paper into contact with the negative so 
that the emulsion side of each will be together. 

c. Operating the printing machine, thus exposing the paper. 

d. Developing, rinsing, fixing, and washing the print in a manner similar to 
the same operations performed in negative making. 

eé. Drying the print. 

239. The chemistry of printing.—Since the emulsion used in coating the 
photographic papers described in paragraph 237 is nearly identical with the 
emulsion used in coating plates and films, the chemistry of the action of the 
light on the paper emulsion, as well as the effect of the developer and other solu- 
tions, is the same, namely, the light changes the silver chloride, chloro-bromide or 
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bromide grain to the subsalt and the developer converts this subsalt to black 
metallic silver, forming the positive image. (See par. 180.) The fixing bath 
used in printing is similar to that used in negative making and its action is 
to dissolve out and otherwise rid the emulsion of the silver grains that have not 
been affected by the light. (See par. 193.) As gelatin is also used in the 
making of the paper emulsion, the same precautions as to temperature of 
solutions or wash water must be taken with prints as with negatives. 

240. Simple directions for contact printing.—In order that the student 
may obtain a clear-cut conception of the operations required in the making of 
a contact print, the necessary working directions will be given as briefly as 
possible in a case in which it is supposed that all possible conditions are ideal. 

a. Safe light——Substitute a series 00 safe light (see par. 217 e) in the safe- 
light lamp for the series 2 safe light ordinari!y used in negative making. 

b. Trays.—Arrange three trays of suitable size in a row in the developing 
sink so that from left to right they will hold, when filled, the developer, the 
rinsing bath, and the fixing bath. Place the tray for the developer near the 
safe light. Put a print paddle in the third tray intended for the fixing bath. 

c. Solutions.—First fill the third tray with an acid-fixing bath prepared 
according to the formula contained in paragraph 197; next fill the second tray 
with water; and, lastly, rinse thoroughly and fill the first tray with a working 
solution of developer prepared according to the formula appearing in para- 
graph 189. When diluting the stock solution of the developer in a graduate 
or in the developing tray see that the dilute solution is thoroughly stirred. 
Make a generous amount of the working developer. If an 8 by 10 inch tray is 
used, this should be a quart. Take the temperature of each of the three baths 
with a tray thermometer, rinsing the thermometer thoroughly under the faucet 
after removing it from one solution and before putting it into the next. The 
developer should be at a temperature of 70° F. and the rinsing and the fixing 
baths each at 65° F. 

d. Negative.—Lay the technically perfect negative, inclosed in its preserver 
or in an envelope, on the contact printing machine. 

e. Printer.—The printer (fig. 48) is essentially an electrically lighted box 
with a glass window top and hinged pneumatic or padded lid, which, when 
brought down into close contact with the top of the box, makes contact with 
a switch that operates a group of electric lamps in the box. When this lid 
is raised and held upright by springs in the nonprinting position, a small 
red light in the box furnishes the illumination required for the operation of the 
printer. 

f. Paper.—Place the box of photographic paper unopened to the side of the 
printer and as far away from the light as possible. It will be supposed that 
the grade of contact printing paper selected for the technically perfect negative 
about to be printed is Haloid Rito (brilliant soft) or Velox (contrast No. 2). 

g. Exposure—rTurn on the safe light and extinguish the white light. Run 
a knife blade between the lid and bottom of the paper box so as to cut the 
paper seals. Open the box, lift out the photographic paper, which will be 
found wrapped in black paper; remove the black paper and place to one side 
for rewrapping paper at conclusion of printing, return photographic paper to 
box and replace lid. Remove the negative from its envelope and place it, 
emulsion side up, in the center of the glass window in the top of the printer. 
Remove a sheet of paper from the box and replace the lid. Lay the paper 
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on top of the negative so that the emulsion sides of the negative and the paper 
will be in contact. The emulsion side of the paper is concave and glossy. 
Bring the top of the printer down lightly so as to hold the paper properly 
against the negative. Observe the timer. When the hand of the clock is 
exactly at a well-marked fraction of a minute, such as 5, 10, and so forth, 
press the top down as far as it will go and hold it down, meanwhile watching 





FIGURE 48.—Type K~1 contact printer 


the hand of the timer. At expiration of time necessary for exposure raise the 
top of printer to the nonprinting or upright position. 

h. Development.—Immerse the exposed sheet of paper in the developer in 
the same manner as an exposed film. (See par. 217.) Rock the tray. When 
image is fully developed, drain the print of developer and remove it quickly to 
the rinsing bath. 
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i. Rinsing.—Rinse thoroughly and without loss of time transfer print to the 
fixing bath. 

j. Fiving.—Throw print, face up, into fixing bath and submerge it instantly 
by means of the print paddle. Fix about 15 minutes and as often as possible 
during the process agitate the solution so as to insure complete and even 
fixation. 

k. Washing.—Wash print in running water for at least 20 minutes. 

l. Drying— Upon completion of final washing, hold print so that the surplus 
water will drain off, then lay it, face down, on a lintless cloth or towel to dry. 
When dry examine critically to discover the cause of any defects or to learn 
how a better print might have been made. 

m. Print criticism.—At the very outset of the course the beginner in printing 
must cultivate the practice of examining the prints critically and of deciding 
how they might have been improved. The defects possible in prints are fully 
treated in paragraph 250, which should be consulted as often as desired in 
connection with these self-criticisms of prints. The mistakes likely when 
working under the supposed ideal conditions in the preceding subparagraphs 
will concern only exposure and development. If both have been correct, a 
perfect print will result. If either, or both, have not been correct, the beginner 
should memorize these facts: 

(1) If the print is too light, it is underexposed. This defect can not be cor- 
rected, but another sheet of paper may be exposed for a longer time. 

(2) If the print is too dark, it is overexposed. This mistake can not be 
corrected, but another sheet of paper should be given less exposure. 

(3) If the print is flat and lacks contrast, it has not been developed long 
enough. Expose another sheet and develop it longer. 

241. Use of equipment and materials.—a. General.—Paragraph 240 con- 
tains the directions for making a contact print on chloride paper under perfect 
conditions. Such conditions were assumed in order to avoid including in the 
directions a number of matters that would have clouded an otherwise clear-cut 
picture of the making of a contact print and would have thwarted the purpose of 
the paragraph, namely, to emphasize the bare essentials of contact printing. 
The matters omitted concern the more thorough knowledge of the use of equip- 
ment and materials that are necessary in conducting contact printing operations 
under usual conditions and a detailed consideration of them will now be made. 

b. Dark room.—While a laboratory such as that described in paragraph 
217 d for negative making would also make an ideal contact printing laboratory 
there will be times when printing must be done in a more or less extemporized 
dark room. Owing to the lack of light sensitiveness of the chloride paper, it is 
possible to use it at night in almost any room provided shades are drawn to 
exclude any unusually strong light from the outside. In daylight the light- 
tightness of the dark room may be less than that required in negative making, 
provided the paper is handled at appreciable distance from any small light 
leaks. If a ray of white light should strike the paper it will fog it, and the 
result of this accidental exposure will be found upon development to consist of a 
black spot, or a light gray or black surface, on the sheet of paper. If large 
numbers of prints are to be made the arrangement of apparatus in the printing 
room with reference to convenience and economy of time is important. The 
printing machine should always be far enough away from the developing sink 
so that there will be no danger of injuring negatives or unexposed paper by 
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the splashing of water or solutions. In this connection see paragraph 258 as 
to the arrangements recommended when large quantities of prints are to be 
made. 

c. Dark-room ‘temperature——The temperature of the dark room is important. 
If it is from 65° to 70° F. the solutions will remain at the required normal 
temperature. If the room, however, is colder or warmer than this, the room 
temperature will eventually change the temperature of the solutions and necessi- 
tate the employment of some means of keeping the baths at the prescribed 
temperatures. Temperature and ventilation are very important considerations 
in dark-room operations, as lack of proper ventilation, coupled with high 
temperature, fatigues personnel and thus retards production. 

d. Safe light.—In the safe-light lamp an electric lamp of not more than the 
prescribed candlepower should be installed. Series 00 safe light is recommended 
for chloride papers and series 0 for bromide papers. It should be remembered, 
however, that no safe light is absolutely safe but only relatively so and that the 
safety factor can be lowered in three ways, as follows: 

(1) The use of a lamp directly behind the safe light, or the use of indirect 
lighting which is more powerful than that for which the safe light is designed. 

(2) Operating too close to the light. 

(3) Using a safe light giving too large an area of illumination in relation 
to the working distance. 

Before starting to print in a strange dark room it is advisable to test the safe 
light. This may be done by taking a piece of unexposed paper, turning back a 
corner of the paper and holding the paper where it is intended to place the tray 
of developer, thus exposing the paper to the safe light for from 2 to 4 minutes 
and then developing the paper slightly longer than the normal developing time 
prescribed for the grade of paper used. If the portion of the paper exposed 
to the light shows discoloration, and the corner that was turned back remains 
white, the light is unsafe. If the portion exposed to the safe light remains 
white like the corner that was turned back, the light is safe. If both the por- 
tion exposed to the safe light and the corner turned back show discoloration, 
it can not be determined whether the light is safe, but the test does show that 
the paper may have been previously light-struck. 

e. Trays—The trays should be large enough for the size of paper to be used, 
and deep enough to hold a generous amount of solution. Trays must be in 
good condition. If the white enamel has been chipped off, thus exposing the 
metal, brown spots may be caused on the print. Rusty trays will give the same 
trouble. Such trays should be discarded, or coated with some chemicalproof 
substance such as asphaltum varnish or paraffin. The practice of always using 
the same tray for the same bath is excellent. To facilitate this the trays should 
be marked thus: “D” for developer, “ W” for water, and “ F” for fixing bath. 
This practice avoids the danger of the remains of a bath left in the enamel of 
the tray through insufficient cleaning polluting a bath of another kind. The 
trays used in all photography should be Kept scrupulously clean. By rinsing 
them thoroughly immediately after use and if necessary cleaning them with a 
tray-cleaning solution prepared according to the formula given in paragraph 209, 
a constant state of cleanliness will not be hard to maintain. Regular and 
systematic cleaning is also economical of time as the necessary arrangements 
and preparations for any kind of photographic laboratory work are reduced 
to a minimum when laboratories are kept ready for use and there is no delay 


207 


TM 2170-5 
241 AIR CORPS 


incident to the additional work necessitated by the carelessness or laziness of 
some one who has previously used the laboratory. 

Photographic printing requires cleanliness not only in the use of trays, equip- 
ment, and materials, but in the person of the operator. Before beginning print- 
ing the operator should wash his hands thoroughly. Soap, however, must not 
be kept in the dark room, as it may find its way into utensils and cause trouble. 
Those susceptible to metol poisoning should wear rubber gloves or keep their 
fingers out of the developing solution as much as possible. The operator may 
find it desirable to cover cuts or abrasions of the skin with liquid collodion or 
some similar waterproof preparation. 

f. Solutions.—In filling the trays with the necessary solutions, it is believed 
good practice first to pour the fixing bath into the tray designed for it, then 
fill the middle tray with pure water for rinsing and finally rinse thoroughly 
the tray designed for the developer and fill it with the developing solution 
last. This order of procedure insures that none of the fixing bath will splash 
into the developer, which might result if the developer is first prepared. If 
the graduate is large enough, the dilution of the stock solution of the developer 
can be satisfactorily accomplished in the graduate by stirring the contents 
thoroughly when combining the required amount of stock solution and water. 
If the dilution of the stock solution is undertaken in the developing tray, care 
must be taken to see that by stirring the mixing is complete. Failure to 
dilute the stock solution thoroughly will cause uneven development of the 
print as the layers of the stock solution will act very rapidly while the layers 
of water will have no action on the print. An attempt to economize in the 
amount of developer to be used is not good practice, nor on the other hand 
should developer be wasted. The quantity of work to be done should be the 
gage as to the amount of developer to use. With the development of each 
print the power of the developer weakens so that ultimately it should be re 
placed by a fresh supply of a sufficient quantity of solution. The result of 
this weakening will not become apparent unless in proportion to the amount 
of developer an unusually large number of prints are developed. Experience 
will be the best guide in this respect and the general rule is to mix up a gen- 
erous sufficiency of the working solution of the developer for the number of 
prints that are to be made. A small amount of developer is hard to keep at 
the required temperature and also as it exhausts itself more quickly than a 
larger quantity during the process of development, it is difficult to obtain a 
number of prints of the same shade. 

If the fixing bath has been previously used it should be carefully examined 
to see whether it is suitable for additional work. If it feels slippery or is 
frothy, it is old and it is best to discard it. 

The prescribed temperature for the developer is 70° F. and not over 65° F. 
for the other baths. As already pointed out, if the room temperature is dif- 
ferent the temperature of the solutions will in time reach the room tempera- 
ture. A developer that is too warm acts too quickly and produces a dark 
print, and on the other hand a developer that is too cold acts too slowly. 
Fluctuations in the temperature of the developer make it difficult to obtain 
uniformly good results. A great difference between the temperature of the 
developer and that of the rinse water or that of the fixing bath may cause 
the coated edges of the paper to frill or the gelatin surface of the print to 
melt. At high temperature there is a tendency for the fixing bath to deterio- 
rate rapidly. This deterioration exhibits itself in a milky appearance. 
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g. The negative.—After final washing the negative was put to dry in such a 
manner that the wash water would drain off of it and the water remaining 
in the film would disappear by evaporation. Frequently a negative dried in this 
manner has stains on the clear side due to sediment in the water used for 
washing remaining on the negative when the water evaporated. This necessi- 
tates cleaning the back of the negative before attempting to print from it. 
In the case of a plate this cleaning may be done with a cloth or a tuft of raw 
cotton dampened in water or alcohol, the plate being rubbed while it rests 
emulsion side down on a clean flat surface. Holding the glass negative in the 
hand while attempting to clean the back is not only awkward if the plate is 
large, but may result in cracking it from the necessary pressure applied or 
the leaving of fingerprints on the emulsion side. In the case of film there is 
a coating of gelatin on the back to counteract the curling tendency of the 
emulsion side, and sediment from wash water on the back of film negatives 
should be removed, if possible, with a dry piece of cotton or cloth. If this is not 
efficacious, the negative should be rewashed in clean water. It often happens 
while a plate or film is carried in the holder or is in position in the camera 
that small particles of dust will deposit on its surface. Dust causes fine, clear 
spaces in the negative, commonly called pinholes, and these transparent spots 
record themselves as black spots on the print. If they are of appreciable num- 
ber they should be touched out on the negative with a fine-pointed brush that 
has been dipped into opaque. This retouching work can best be performed 
when the negative is placed on a retouching desk. 

When the negative is ready for printing it should be placed in an envelope 
called a negative preserver, the best type of which is transparent, and thus 
permits identification of the negative without the necessity of removing it from 
the envelope. Always, when prints are not actually being made from a nega- 
tive it should be kept in its preserver and handled while in it so that it may 
thus be protected from finger marks, dirt, or any kind of injury. When print- 
ing, the habit should be formed of placing the negatives in a place that is 
convenient and where they will be free from possible breakage or damage. 
When the desired number of prints have been made from a negative it should 
be returned immediately to its preserver and put in a second place similar to 
the first and this second pile be composed of the negatives from which prints 
have been made. 

As the edges of negatives sometimes frill, or for some other reason are not 
clean, clear, or of uniform size, it is the common practice to mask the print 
so as to obtain an image slightly smaller than that in the negative and sur- 
rounded by a clean white margin of a width proportionate to the size of the 
print. This mask is made of opaque paper or colored celluloid considerably 
larger than the negative, in which an aperture smaller than the negative and 
exactly the size and shape of the print desired, is cut. The mask is first laid 
on the top of the printer, the negative nicely centered over the aperture in the 
mask, and the resulting print will be masked around the edges as described. 
On account of its weight, a glass negative will tend to stay in proper position 
over the mask. However, the heat from the printer tends to curl a film negative 
and much time may be lost in endeavoring to center it correctly over the mask 
each time a sheet of paper is exposed. This may be avoided by making a 
mask with pockets in which the four corners of the film negative may be slipped. 
If a large number of prints are to be made from a negative it can be readily 
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masked with lantern-slide tape on the back. Subsequently, if so desired, this 
tape can be removed by soaking the negative in water. 

It is occasionally desired that a title appear in the corner or at the bottom 
of a contact print, and while such an inscription may be placed on the film 
side in reversed letters, the necessary expert drafting skill for doing this is 
not always available in the photographic organization. Under circumstances 
of this kind a typewriter may be used. Very thin celluloid (a grade of which 
is Known commercially as Kodaloid) is placed in the typewriter in contact 
with two sheets of typewriter carbon paper, one on each side and the inscription 
typed thereon. When removed from the machine it will be found that the 
typing appears on both sides of the sheet of celluloid, which is then cut to 
proper size and attached to the negative so that it will appear reversed when 
read with the emulsion side of the negative facing the operator. 

When the negative is placed on the glass top of the contact printer, care 
should be taken to see that not only is the back of the negative clean, but also 
that the emulsion side is free of any dust or other foreign particles that may 
produce white spots in the print. The necessity of placing the negative on 
the printer with the emulsion side up so that it will be in contact with the 
emulsion side of the paper is obvious when it is realized that in the making 
of the negative there is a reversal not only of the tones of the subject, but 
also of direction; that is, when the film was exposed in the camera the image 
was upside down and reversed with regard to right and left. If the print 
is made with the back of the negative in contact with the paper there will not 
be a restoration of direction in the subject, and if the negative is of glass there 
will not be a clearly defined image in the print, but general softness or diffu- 
sion caused by separation of the negative image from the paper by the thick- 
ness of the sheet of glass. It sometimes happens that under the safe light 
the back of a negative can not be readily distinguished from the emulsion 
side. In the case of a glass negative the back may be identified by its greater 
shine than the dull emulsion side and a clear reflection of the safe light can be 
easily seen when the rays from the light are allowed to fall on the back of the 
glass negative. In case of film, close inspection under the safe light will 
reveal the dull emulsion side which is usually the concave side. The notch 
cut in the edge should also be a guide. 

h. The printer—The contact printer, or printing machine, should be very 
carefully and thoroughly inspected before beginning printing operations. In 
this inspection it should be noted whether the ruby light in the printer is 
working and that all white lights are of the same size and operate when the 
switch designed to engage a plunger in the top is pushed in by means of a pen- 
cil. Care should also be taken to see that all extraneous material is removed 
from the machine; that the glass top is clean and free from dust, finger 
marks and the like; and that the ground glass diffuser is likewise clean and 
in proper position. The printer should then be operated to see that its working 
parts are functioning properly. While it may not be easy to determine from 
inspection alone whether the felt or pneumatic pad in the top of the printer 
is in good condition, certainly the operator should be able to tell from the first 
print whether paper and negative were brought into complete contact over 
the entire surface of the print. If they were not, portions of the print will be 
blurred or out of focus, thus showing that the felt back has perhaps become 
too much matted at a point and will not press the paper into close contact 
with the negative at that point. This may sometimes be corrected by increas- 
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ing the pressure of the top by placing a heavy piece of material over the paper 
after it has been laid on the negative. With the pneumatic back, lack of 
contact can be corrected usually by pumping more air into the pad. 

i. Paper—If the safe light is known to be safe and it is desired merely to 
test the paper, place a sheet in the developer and allow it to remain slightly 
longer than the normal developing time. If the paper shows discoloration, it is 
not in good condition and may be stale, chemically fogged, or light-struck. 
However, if it remains white the paper is in good condition. 

The emulsion sides of the sheets of photographic paper, as packed in the box, 
all face in the same direction, and a knowledge of this fact is often sufficient 
guide to determine which is the emulsion side of a sheet when it is removed 
from the box. With most papers, however, the emulsion side can be recog- 
nized from the fact that it is the concave side, the gelatin in the emulsion 
having a tendency to draw the paper inward. As nearly all contact printing 
paper used in military photography is of a glossy surface, the glossiness easily 
reveals the emulsion side. When smooth surface papers are used the opera- 
tor may occasionally be in doubt as to which is the emulsion side and there- 
fore should know and use the simple, absolute test that can be performed by 
moistening the upper and lower rows of the front teeth with the tongue and 
biting a corner of the paper as near the edge as possible, which will result in 
the emulsion side tending to stick to the teeth. 

When bringing a sheet of paper in contact with the negative it should be 
laid evenly on the negative and held in position with the left hand, while with 
the right hand the top of the printer should be brought down until it first 
presses together the edges of the negative and paper farthest away, then the 
left hand should be removed from the paper and the top pushed all the way 
down until the white lights flash on. From the instant the white lights are 
on the timing of the exposure should be begun, use being made of a photo- 
graphic timer, or the second hand on a clock or watch. However, if none of 
these are available, seconds of exposure may be counted by saying: “A thou- 
sand and one” (one second), “A thousand and two” (two seconds), and so 
forth. 

Many defects in prints are caused by not knowing how to handle the paper 
properly. The operator may safely assume that the paper when furnished by 
the manufacturer was fresh and had previously been stored properly. Although 
the operator may be using good paper in excellent condition, defects may 
appear in the print solely from an improper method of handling the paper. 
When using unexposed and undeveloped paper during printing operations, it 
should be kept in darkness as much as possible, the box containing it being put 
in a convenient place where light rays of any kind can not affect it. One sheet 
should be removed from the box at a time and in such manner that the lid of 
the box will fall and thus protect the remaining sheets in the box from a flood 
of any kind of light during printing operations. In extracting a sheet of paper 
from the box, the other sheets must not Le pressed together or the surface of 
the sheet being removed rubbed as it is withdrawn, because the rubbing of the 
surfaces of a sheet of paper produces abrasion marks, which will appear as 
fine black lines when the print is developed. All glossy surface papers are very 
susceptible to abrasion marks, and with some makes of this type of paper the 
marks may be so troublesome as to require a special developer to avoid them. 
Sometimes, if these defects are slight, they may be removed from the finished 
print by rubbing with a tuft of cotton dampened in alcohol. 


211 


TM 2170-5 
241-242 AIR CORPS 


Never handle the paper with wet hands. It is quite easy for the operator 
to acquire this very bad habit, especially when working alone. In such a case 
the operator should thoroughly dry the hands on a towel after developing a 
print and before attempting to remove another sheet of paper from the box. 
Also, in handling the paper the fingers should be kept away from the coated 
surface. A sheet should not be grabbed tightly between the fingers, otherwise 
the imprint of the finger tips will appear in the finished print. The habit of 
handling paper by the edges or the back can be readily acquired and should 
always be practiced. 

j. Precautions—Do not leave trays scattered around. Working systemati- 
cally not only saves time but avoids mistakes. The trays should always be 
arranged in the following order from left to right: (1) Developer, (2) rinse 
water, and (3) fixing bath. 

Do not put the fingers in the fixing bath. When done inadvertently or by 
necessity, thoroughly rinse the hands in clean water and dry them before pro- 
ceeding with developing operations, otherwise the fixing bath will be carried on 
the hands into the developer and render the latter unfit for photographic use. 

Do not leave the paper box open or have unexposed sheets of paper out of the 
box. Photographic-sensitized materials are expensive, and, therefore, should be 
handled carefully so as to avoid waste. 

Always keep chemicals fresh and pure and in clean containers. 

Do not carelessly throw spoiled paper around the dark room. Keep all 
working material in its proper place at all times. 

In general, always be orderly and cleanly in your dark-room work. Good 
contact printing requires it. 

242. Selection of the paper.—a. Designations of printing papers.—The cata- 
logues and advertisements of paper manufacturers, describing the varicus photo- 
graphic papers that are suitable for contact printing, present a confusing mass of 
technical language to the beginner in photography. In commercial photographic 
parlance, the brands of papers have trade names, such as Velox, Azo, Haloid, 
Cyko, and in conjunction with these names appear such terms as semimatte, 
glossy, double weight, contrasty, soft, and the like. Upon reference to photo- 
graphic textbooks still another method of describing photographic papers will 
be found—that is, by designations indicating the composition of their emulsions, 
such as gelatino-bromide paper, bromide paper, gelatino-chloride paper, chloride 
paper, chloro-bromide paper, and bromo-chloride paper. Furthermore, the fact 
that the photographic image impressed upon the sheet of paper in the process 
of printing is latent and must be developed like a film or plate has given rise 
to the designation of this type of papers as development papers, or developing- 
out (D. O. P.) papers. 

Upon closer study of the textbook the student will find that the generic desig- 
nations of the photographic papers used in photography are bromide paper and 
chloride paper. There should really be a third designation, namely, chloro- 
bromide paper, because manufacturers are making paper emulsions that include 
the ingredients of both the straight bromide and chloride emulsions, but such a 
designation is rarely used and only the very precise employ it. In fact, the 
formulas of all paper emulsions are closely and jealously guarded as trade 
secrets and the consumer is, therefore, without accurate information as to the 
exact constituents of any emulsion. The two general classes of development 
paper are bromide paper and chloride paper, and the essential facts that the 
student must bear in mind at this point are that bromide paper is used for 
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enlarging and chloride for contact printing, although occasionally bromide 
paper is also used for contact printing. 

In order to select a paper properly, it is necessary to learn the meaning of the 
trade language used by the manufacturer in listing it. That of one manufac- 
turer is only a very uncertain guide in understanding the descriptions of 
another. However, the characteristics of every photographic paper can be logi- 
cally stated and the classification thus evolved is applicable to the products of 
any paper manufacturer. It will, therefore, be the purpose of this paragraph to 
present a classification of this kind in such a way that the student will obtain 
a comprehensive understanding of the possibilities of all available printing 
papers of the development type and be able to select those that will exactly 
supply the need at any time. 

b. Classification of negatives for printing.—Variation of each of the two 
principal factors controlling negative making, namely, exposure and develop- 
ment, will result in the production of nine different kinds of negatives, which 
have been described in paragraph 220 as the nine representative negatives. 
While so minute a classification is necessary in negative making, a much 
simpler grouping suffices for the purposes of contacc printing. Upon rereading 
the descriptions of the characteristics of the nine representative negatives as 
contained in the paragraph cited it will be found that these nine types of nega- 
tives may be grouped as—first, thin negatives, and second, dense negatives, 
and that the negatives falling in both groups are either flat or contrasty. This 
primary division into thin or dense concerns the degree of transparency of a 
negative, that is, the ease or difficulty with which light can be passed through 
in printing and this regulates the length of time the paper must be exposed 
in contact with the negative. In practice, therefore, the denseness of. the 
negative, if abnormal, means that a fewer number of prints than with a thin 
negative can be made within a certain length of time, unless a stronger print- 
ing light or a more light-sensitive paper or a combination of both be used. 

The negative supposed to be used when following the simple directions for 
making the contact print as set forth in paragraph 240 is a correctly exposed, 
correctly developed negative, or as it is otherwise termed, a normal or an 
average or a perfect negative. While the production of such a negative is the 
ideal sought to be attained in negative making, the operator is not always 
successful because of lack of skill or otherwise, and a negative is often pro- 
duced which, although it may lack certain technical qualities, can be made to 
yield a print fairly satisfactory for ordinary purposes if the operator knows 
how to select the proper kind of paper for it. The paper manufacturers have 
thus made it possible to obtain in the printing step what the operator has failed 
to secure either in the exposure or in the development of the negative, namely, 
reproduction of the normal degree of contrast existing in the subject. Later, 
a detailed study will be made of the printing qualities of negatives so that 
the student will learn how to make the proper selection of paper for any type 
of negative that may come to hand. Before explaining this adjustment of 
paper to negative, the references to the kinds of paper available must first be 
understood, 

c. Speed of papers.—The speed of a paper means its sensitiveness to light. 
For practical purposes, the student need only know that bromide papers are 
very much faster than the chloride paper ordinarily used in contact printing 
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and that, therefore, a different type of safe light must be used with bromide 
papers than with chloride papers. The color of the light suitable for chloride 
paper is orange, while that needed for bromide paper is redder in hue or orange- 
red. The makes of chloride papers vary somewhat in speed. However, the 
exact difference in speed of one brand as compared with another must be learned 
from experience. Speed, therefore, among brands of chloride paper is the 
relative sensitiveness to light, that is, comparing a paper of unknown speed 
with one of known speed, it is said that the former is faster or slower accord- 
ing to whether under the same conditions more or less exposure is required 
than with the paper of known speed. Like plates and films there is no recog- 
nized system of measurement or unit of speed in common use for papers. How- 
ever, the speed of a particular grade of paper is always constant. 

d. Development time of papers.—The operations connected with the develop- 
ment of papers will be studied in detail later. At this point it suffices to ex- 
plain that the time in which a correctly exposed sheet of a certain kind of 
paper develops to exact completeness varies according to the nature of the 
emulsion of the paper. There is great difference in this regard between bro- 
mide and chloride papers, the former requiring development of at least 1 minute 
and 45 seconds, and the latter about half that length of time. 

e. Contrast of paper—The amount of contrast that a particular kind of 
paper will give in the print is the most important characteristic of papers. 
It is necessary that the student obtain a thorough understanding of this quality 
in order to be able to select the proper kind of paper for the negative in hand. 
The degree of contrast given by a particular paper is controlled by the manu- 
facturer in the making of the emulsion with which the paper is coated. The 
manufacturer regulates it in the selection of the various chemicals composing 
the emulsion, in the variation of the quantity of each and in changing the 
conditions under which the emulsion is made. Exactly how the manufacturer 
manipulates these factors is a trade secret. However, the degree of contrast 
obtained is constant for the particular grade of paper. It is the custom to 
furnish paper of a particular brand, called by a trade name such as Velox, Azo, 
Haloid, Cyko, and the like, in various degrees of contrast known as grades, 
and to designate each grade by a letter, number or descriptive words. As the 
system of designation is not uniform for all manufacturers, and as there are a 
number of grades of the same brand of paper, confusion will arise in the mind 
of the student unless the basis used in differentiating the grades is clearly 
understood. Some paper manufacturers state the degree of contrast given by 
each grade of their paper in a word descriptive of the kind of negative for 
which the grade is designed, others describe the grades in terms of the degrees 
of contrast desired in the print, while still others use arbitrary letters or num- 
bers. However, order will take form in this confusion, when it is noted 
that the three principal markings on a gage applicable to all kinds of papers 
may be stated as follows: 


Paper (degree of con- Negative (kind of nega- 
trast desired in print) tive for which designed) 
A es a ee ee Flat. 

NE COSY: tetas Se ee ei a ee ee Average. 
ORG oases es es ee Contrasty. 
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The practical application of the foregoing table of equivalents or universal 
key to any system used in indicating grades or degrees of contrast of a paper, 
means that for a fiat negative a paper of hard contrast should be used in order 
to obtain in the print the contrast which the negative lacks by reason of incor- 
rect exposure or development; that for an average, normal, or perfect negative 
a paper of medium or normal contrast should be used; and that in the case of a 
contrasty negative, some of the excess contrast can be lost in making the print 
by the use of a paper that will not reproduce some of the excess contrast, such a 
paper being called a soft working paper. 

It should be distinctly understood that in the gage appearing above only the 
principal markings are given. While these markings are sufficient for all grades 
of paper marketed by some manufacturers, it is necessary before it is applicable 
to all papers that it be further graduated by indicating thereon degrees of con- 
trast between hard and medium and between medium and soft, as some manu- 
facturers are furnishing papers giving these degrees of contrast in order to make 
their brands of paper of greatest possible usefulness. 

f. Paper stock—The paper support may be thin or it may be thick; that is, 
of single-weight or double-weight paper stock. For prints intended to be 
mounted, the single-weight paper is usually selected as a matter of economy, the 
more expensive double-weight paper stock being reserved for unmounted prints 
that will be subjected to rougher usage than single-weight paper can stand. Be- 
cause of the thickness of the paper stock in the case of double-weight paper 
there is an absence of or at least less tendency for prints on it to curl than when 
made on single-weight paper. 

In addition to thickness or weight, the paper stock of photographic papers 
varies in color. While the pure white stock is in common use, demands for a 
tinted stock are satisfied by the production of paper on buff, cream-colored and 
pensé (pink) stock. 

g. The surfaces of papers.—The surface of the emulsion of a sheet of phofo- 
graphic paper may have grain, or it may be smooth and without grain, or again 
it may be so smooth or shiny as to suggest patent leather. While all surfaces 
may thus be roughly classified into these groups, the degrees of difference in the 
surfaces of all papers on the market are finer and present a much longer range. 
These designations, stated in order from a grained surface, through a grainless 
or smooth surface to a shiny surface, are as follows: Canvas finish, linen finish, 
rough, rough matte, semimatte, matte, Smooth, satin, velvet, semiglossy, smooth 
glossy, enameled and glossy. The requirement in Air Corps photography, par- 
ticularly in the making of aerial photographs, is to obtain a print from the 
hegative in which all possible details will be shown, and therefore glossy paper 
designed to satisfy this need is generally used. In addition, there is a small 
demand, especially by map makers, for the production of prints upon which data 
can be lettered in pencil or ink. As it is difficult to do this on glossy paper, 
prints are often furnished on a matte or a smooth-surface paper. Artistic taste 
is catered to in a very slight degree by the furnishing of enlarging paper of a 
Smooth surface. 

h. Consolidated description of papers.——For convenience of reference the fol- 
lowing tabulation shows the characteristics of typical papers used in military 
photography : 
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Kind and grade of . | eh Negative de- Degree of Normal developing 
Stock 8 ‘ : - = 
paper tock urface | signed for— contrast time, 70° F. 








Contact papers: | 














Velox No. 1__..| Single-weight_--| Glossy.-......| Contrasty_._| Soft_......-- 45 seconds. 
Velox No. 2.___|_.__._.do______..-.| Velvet or glos- | Average.___- Medium. -_- Do. 
sy. 
bs aT ee ee a: | a Glossy << <-: | yD es if). See Do. 
Velo ING: 8. 'L, -o8 26 ee Ae oe ee Ss Very flat___._| Very hard__- Do. 
a grade F as ee Pe a | RRR 7h gee ie, ee 1 minute 30 seconds. 
No. 1. 
Azo, grade F Aa | (2 etre 240 =e OO Sosso ke Average_..... Medium. -__- Do. 
No. Z | | 
Azo, grade F |____-do___- 4) 52 MSS S2ocee | | OS ie as ie i. ee Do. 
No. 3. 
as rey 07 ee) 0) ee, : (ee i ae QOscasccuc | Very flat__.__| Very hard__- Do. 
No. 4. 
Rito, soft_____- GOS <5 25.se5eulio seul ceasawe | Contrasty_._| Soft..._...-- 1 minute 15 seconds. 
sity, brilliant -- =862- ih SS el Ps Average_..... Medium... _- Do. 
soit. 
Rito, medium _|_____do__-~ Pe, ete a: |; Sang eb C0 ee i) Se Do. 
Rito, hard__..-}.__-- 217 ee), Play (| 5 eo eems Very flat....| Very hard_-- Do. 
Enlarging papers: | 
ee Oe es, a | licendlOsomcasun A verage-_-.- Medium..-.-..| 1 minute 45 seconds. 
PMG NO, 32-216 5000s w= caucus] SOmmatte....| Fist >” Bo: Ce Do. 
PMC No. 7__-| Double-weight - _|____- (RE a Ee ee CAE, ee Do. 
PMO'NO. 9. coe cc G0. onsen ak Semiglossy _- Average____- | Medium_._- Do. 
5:0 FG ty BlO>.)s 2402 oc Semimatte or )___._.do___--.]__.-- | Do. 
mide. | | smooth. 
Standard C____| Single-weight___| Rough_______-|____- O0e5 25. 4h- <5 ° Do 
Standard CC__| Double-weight__|__...do_______- ee | ee See Re ee Do. 
Standard B____| Single-weight___|_._..do_______-_| Flat__._____- [ —— Do. 
Standard BB__| Double-weight--|___..do___.__-.|.....do___--- leanne OG tnase: Do. 
Press Bromide_|____- 3 () a Glossy, semi- | Average___-_- | Medium or Do. 
| matte, or | hard. 
matte. 
Carbon Black _|__._- GQ222s22552% WERUte! 52:2 seccleseac GOs 26<a5 Medium. -_- Do. 
Enlarging Por- |____- ee eae jC 1 eo! AEN G6233 20s ae Do. 
traya. | 











243. The printing qualities of negatives.—a. Judging the negative.—The 
most common cause of poor prints is the failure of the student to study the: 
negatives fully and properly before attempting to print them. Good printing 
results should not be expected unless the photographer has developed such 
skill in the judging of negatives, to recognize at a glance the printing quality 
of a negative in hand and know how to select the most suitable paper for it. 
The development of skill in negative judging and selection of paper requires 
that the student— 

(1) Obtain a clear, mental picture of a normal printing negative. 

(2) Recognize and value properly the degree of contrast existing in the nega- 
tive under consideration. 

(3) Understand the effect of negative density from a printing standpoint. 

(4) Appreciate the effect of the color of the negative when making prints 
from it. 

(5) Discern the ratio of negative density. 

(6) Know how to obtain the quality desired in the print. 

b. Normal negatives.—The appearance of the ideal negative for printing can 
be recognized by the clean shadows in it, with just a veil of deposits represent- 
ing the shadow details. Such a negative also is not too dense in the high 
lights, but generally has a brilliant appearance and a freedom from stain. It 
always should be the aim of the photographer to produce negatives of this kind 
rather than to rely on obtaining successful prints by exactly suiting the paper 
to the negative and thus compensating in a measure for the shortcomings in the 
quality of the negative. It is realized that the ideal negative can not always 


216 





TM 2170-5 
BASIC PHOTOGRAPHY 243 


be made; nevertheless, every effort should be put forth to do so, and when the 
attempt is unsuccessful (which should not be often) the best judgment should 
then be exercised in selecting the paper. 

c. Contrast in the negative.—In selecting the paper for the kind of negative in 
hand skill must be acquired in judging the negative from a printing standpoint. 
The most important consideration in this regard is the contrast existing in the 
negative, which means the steepness or flatness in the gradations of the nega- 
tive. To illustrate, it will be supposed that two areas in a negative are under 
consideration in which the depth of the silver deposit of each is different. One 
area represents the white linen collar worn by a man and the other, the color 
of his black coat. In a normal negative—that is, one that will render the white 
collar and black coat properly—there is a certain ratio in the depths of the 
silver deposits representing these objects in the negative. As white is a better 
reflector of light than black, the deposit representing the white collar will be 
much greater than that representing the black coat, so that if it requires, for 
instance, four units of printing light strength to penetrate the deposit represent- 
ing the black coat, it should require probably 20 units to penetrate sufficiently 
that representing the white collar. Thus there would be a ratio of 4 to 20 or 1 to 
5. Inu an average negative this is a normal ratio, as will be perceived when the 
difference in the light-refiecting powers of the objects is taken into account. 
This ratio is the contrast in the negative and is due to the strength of light on 
the subject; to the length of exposure given the film; to the peculiar character 
of the film emulsion; to the length or manner of development; or to any com: 
bination of two or more of these factors. The contrast in a negative may be 
unnatural ; that is, too slight or too great. When it is insufficient, the negative 
is called flat, and, on the other hand, when it is excessive, it is called con- 
trasty. If in the negative of a man’s white collar and black coat the ratio 
were only 1 to 2 instead of 1 to 5, the negative would be flat; if 1 to 10, too 
contrasty. . 

The contrast in the negative must be so judged that the paper selected will 
give just the right degree of contrast in the print and will thus best reproduce 
the positive image. If the negative is very contrasty, a soft paper must be used 
so that the excess contrast will not be reproduced in the print. If the negative 
is of normal contrast, that is, there is not too great a difference in the density 
of the shadows as compared with the high lights, a normal grade of paper 
should be selected, as the emulsion of this kind of paper is so made that when it 
is used with a normal negative the positive image will be recorded as nearly 
correct as possible. If the negative is thin and lacks contrast, a contrasty 
paper should be used in order that the contrast, which does not exist in the 
hegative, may be built up in the print. While a print from a thin negative, 
even when made on contrasty paper, will never be as satisfactory as a print 
made on normal paper from a properly exposed and correctly developed nega- 
tive, nevertheless, it will be appreciably better than if it had been made on a 
normal grade of paper. Similarly, this is true when a soft paper is used with a 
contrasty negative. (See figs. 49 and 50.) 

d. Density of the negative—Negative density is relative. One negative is 
dense simply because it is less transparent than another negative, and still 
another negative is thin because it is more transparent than some other negative. 
Therefore density of a particular negative can be expressed only by comparing 
that negative with a negative of known density. For practical printing pur- 
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poses the degree of density can be determined accurately only by a trial expo- 
sure. Contrast should not be confused with density. Density means the 
average depth of all the silver deposits—that is, the opaqueness of the negative 
generally—while contrast means the depth of the deposit in one area of the 
negative as compared with that in another. The general density of a negative 
may be below normal and yet the negative may be very contrasty. On the 
other hand, a negative may be very dense and yet lack contrast because of 
the absence of a great difference in the depths of the deposits making up the 
image. The density of the negative, therefore, has nothing to do with its con- 
trast. Density merely affects the length of the printing time required, because 
the denser the negative the longer will be the time required for the requisite 
amount of light to reach the paper. Although dense, a negative when judged 
with respect to its contrast may be either flat, contrasty, or normal, and there- 
fore the paper on which the negative is to be printed should be selected accord- 
ing to the contrast of the negative and regardless of its density. Very 
frequently if the negative is extremely dense it may be advisable to use bromide 
paper instead of chloride paper, because the former is more sensitive to light 
and the exposure necessary will not be so long as that required for a paper 
of the slower chloride emulsion. If a bromide paper is selected, it should be of 
the proper degree of contrast to reproduce the negative in question, just as in 
the case of chloride paper; that is, the bromide paper should be of either a 
normal, contrasty, or soft working emulsion. 

There is a tendency on the part of beginnners to make dense negatives in 
the belief that better prints can be obtained from them, but as density does 
not affect contrast the only result of this practice is to require a much longer 
exposure or a much stronger printing light than is necessary. If the proper 
degree of contrast is retained, equal and often better results are obtained 
by making negatives of just the proper density and adjusting the strength of 
the printing light to the density of the negatives so that the average exposure 
will be about 15 seconds on Velox paper. There is no necessity of making the 
negatives so dense that they can only be printed with such a strong light, as 
it will be found that ordinarily the same results can be obtained by making 
negatives of normal density and using a smaller quantity of light. 

While a negative may be of normal contrast, regardless of its density, it 
must not be forgotten that the density alone is also an important quality of 
the ideal negative described in B above. While such a negative should have a 
good range of contrast from the densest shadow to the highest high lights, 
without any abrupt break in the gradation or tone, it should also be of such 
density that when it is held up to the light the outline of the fingers of the 
operator will be plainly visible behind the densest portion of the negative and 
at the same time there will be some slight deposit of silver in the deepest 
shadows. If negatives are not made of greater density than this, much time 
will be saved in exposing the paper and in the amount of electric current 
consumed in printing. Negatives of this degree of density will also be more 
suitable for enlarging than those of greater density, because the amount of light 
Ordinarily available in an enlarging apparatus is limited. 

é. Color of the negative.—The color of a negative is also important in gaging 
exposure. The stain which is given a negative when developed in a developer 
containing pyro and a minimum amount of sodium sulphite, although slight, 
increases the printing time required. Color is best judged in daylight, espe- 
cially in comparison with a negative that is colorless—that is, pure black and 
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white. In the laboratory under the orange or orange-red safe light, the yellow 
color or pyro stain that may be present in the negative will not be apparent 
even when comparison is made with a negative that is known to be colorless. 
Color does not affect the contrast of the negative, but its presence is equivalent 
to so much additional density, and it will, therefore, increase the length of the 
printing time required for the negative. 

f. Ratio of negative density.—If the density throughout a negative is strictly 
proportional—that is, the ratio of depths of silver deposits in two areas is the 
same for any too like areas—the negative is said to be of even density and may 
be printed on paper of a contrast best suited to it without recourse to any other 
special expedients. However, if the negative density is not proportional and 
there is a certain marked change in density, it will be necessary to ‘‘ dodge” 
the negative by one of the methods listed in paragraph 244 in order that a 
print of even density may be obtained. If the negative has been properly 
‘‘ dodged,” a paper of a contrast best suited to it must then be selected for 
printing. A common example of a negative of uneven density is one having 
slight fog in one area. 

g. Quality desired in the print.—After the factors entering into the proper 
judging of the negative for printing purposes have been considered, as explained 
in the preceding subparagraphs, there remains another factor, namely, deciding 
as to the manner in which the subject as recorded by the negative can best be 
reproduced in the print. If fine detail is desired, a glossy or enameled surface 
emulsion should be selected in order that the maximum amount of detail may 
be obtained. However, if a softer effect is desired, a paper having a semimatte 
surface or even a matte surface should be selected. The selecticn of the paper 
with respect to surface depends largely upon the use to be made of the print. 
In civil life this is ordinarily decided by employing a paper that will give the 
most satisfactory results. In Air Corps photography, especially during military 
cperations, the most desirable paper is the one that will show up the most 
minute details in the negative. However, regardless of the choice made, as 
between a glossy or a dull finish paper, the emulsion selected must always be of 
the kind that will best reproduce the image. 

244, The exposure.—a. General.—Correct exposure is of the utmost impor- 
tance in printing as in this phase of photographic work there is not the lati- 
tude allowed in exposure calculating that is possible in negative making, and 
it should be noted, therefore, that in this respect the making of a print differs 
greatly from the making of a negative. The exposure for the print must be 
very accurately gaged. When the strength and temperature of the developer 
are regulated, a correctly exposed print will develop in a certain length of 
time. If the exposure given has been insufficient the image will not develop 
fully within the normal time. On the other hand, if the exposure has been too 
great, the image will develop sooner than it should and if the print be left in 
the developer it will become too dark. For instance, if Velox paper is used, 
and a print is exposed for the proper length of time on that kind of paper and 
is placed in the standard-strengtn developing solution of a temperature ap- 
proximately 70° F., it will develop and reach the required density in about 45 
seconds, and then seem to pause for the operator to’remove it. When the oper- 
utor attempts to coax the print beyond the normal time, or, on the other hand. 
is obliged to jerk the print out of the developer, the exposure is incorrect and 
a successful print can not result. The length of development required has a 
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fixed relation to the amount of exposure given. Development in the case of a 
print is carried as far as it will go in order that the desired color may be ob- 
tained in the print. In the case of an underexposure, normal development will 
not give normal density in the print. On the other hand, in the case of an 
overexposure, if development is stopped at the expiration of the normal length 
of time the print will not have reached the desired color, and if development 
is continued until this is obtained the result will be a print of too great density 
caused by the overexposure. The printing time given to a trial print or strip 
must be revised with each print until the exposure has been accurately found. 
Development under proper conditions will be entirely automatic. It is really 
so mechanical that it is the practice, when large numbers of prints are to be 
made, to give a great many sheets the exact exposure, after it has been accu- 
rately found, and then develop the sheets at one time, instead of allowing 
development to follow the exposure of each sheet. 

A print has been correctly exposed when with normal development under 
normal conditions there is good detail in the shadows and just a veil over the 
high lights. Exposure should, therefore, be calculated for the density of those 
portions of the negative. A harsh contrasty print is undesirable in aerial 
photography. There should be the greatest possible gradation of tones between 
the deepest shadows and the high lights without any chalky or clear whites or 
blocked up opaque blacks. One of the maxims for calculating the exposure in 
negative making is to expose for the shadows and leave the high lights to look 
after themselves. This maxim does not hold true in printing, the rule that 
should be followed being to expose so that the high lights in the prints are 
properly recorded and allow the shadows somewhat to look after themselves. 
Exposure in printing is solely for the purpose of affecting the number of silver 
grains necessary to represent the positive image so that they will be available 
for deposit in correct density by the action of the developer. The depth of the 
silver deposits required is measured by that necessary to give a satisfactory 
rendering of the high lights of the print. To attain this the negative must be 
studied in all its gradations of density and tone. These vary with the character 
of the subject and may range in some cases from clear glass to an appreciable 
deposit, and in other cases there may be an absence of clear glass areas and the 
presence of deposits of various depths over the entire negative. The exposure 
must always be sufficient for the light to penetrate slightly the densest portions 
of the negative, which represent the high lights of the picture and these high 
lights in the print should be recorded slightly grayed unless the object is pure 
white. Ordinarily, the highest light in an outdoor picture is the sky and in 
the representation of it in the print there should be just the slightest gray. It 
should not be printed as chalky pure white. In deciding the amount of exposure 
required to penetrate the densest portion of the negative, the operator must 
not forget to study at the same time the most transparent portion because this 
may be so thin that when given an exposure sufficient for the densest portion, 
too much light will have passed through a thin area and the shadows thus 
represented will be too black. 

b. Exposure factors—The length of exposure depends upon the following 
factors: 

(1) Speed of paper. 

(2) Intensity of printing light. 

(3) Density of the negative. 

(4) Color, if any, of the negative. 
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To what extent the operator must take into consideration each of these 
factors in a given case will depend upon the circumstances in each instance. 
The accurate gaging of the extent of the factors in a particular case can be 
acquired only from practical experience. Before exposing a sheet of paper in 
contact with a negative the operator should study the negative carefully in the 
manner explained in paragraph 243, observing especially the degree of contrast 
it possesses as well as its general density. 

c. Speed of paper.—The term ‘“ speed of paper” is analogous to the term 
“speed of film.” It means the sensitiveness of the paper to light. Variation 
in the degree of light sensitiveness of a photographic emulsion is obtained’ by 
heating and reheating the emulsion during the process of manufacture as ex- 
plained in paragraph 151. The temperature to which the emulsion is heated 
and the number of repetitions of the heating are trade secrets. Aside from 
obtaining the desired degree of light sensitiveness in this manner, the speed 
of a paper emulsion is further controlled during manufacture by varying the 
ingredients in the emulsion so as to obtain different light-sensitive silver com- 
pounds. Silver bromide is much more sensitive to light than silver chloride, 
and, therefore, if the paper is coated with a silver bromide emulsion instead 
of a silver chloride, it will be of greater light sensitiveness or a faster paper 
than one made of the chloride emulsion. If the emulsion contains both silver 
bromide and silver chloride it is known as a chlorobromide emulsion and 
although it will be faster than a simple chloride emulsion it will be slower 
than the pure bromide emulsion. The speed of a paper coated with a chloro- 
bromide emulsion will, therefore, approach either the speed of a chloride paper 
or that of a bromide paper according to the proportions of chloride and bromide 
of silver used. In common photographic parlance a paper coated with a bromide 
emulsion is called fast; one bearing a chlorobromide emulsion, medium; and 
one of a pure chloride emulsion, slow. It seems probable that the emulsions 
of very few papers on the market to-day are composed purely of silver bro- 
mide or silver chloride, but are classed as bromide or chloride papers, according 
to whether more bromide than chloride or vice versa is present in the emulsion. 
It seems probable, also, that many of the extremely fast bromide papers contain 
au slight amount of silver iodide, as this compound is even faster than silver 
bromide. No papers are manufactured with a pure silver iodide emulsion, as 
it would be impossible to work with so fast a paper. 

The sensitiveness of any particular grade of paper when in good condition 
is constant, and in printing machines on the same electric circuit the printing 
light will in all probability remain constant while the operator is printing so 
that the problem of correct exposure, therefore, resolves itself into the correct 
gaging of the color and density of the various negatives. 

d. Intensity of printing light—When using the contact printer the intensity 
of the printing light varies with the number and candlepower of the electric 
lamps used, with the distance from the lights to the negative as it lies on the 
top of the printer, and with the extent of the reduction of the light intensity 
by the diffusing or any other kind of screen that may be interposed between the 
lamps and the negative. 

Occasionally a printing frame may be employed instead of a contact printer. 
To use this, a piece of clear glass and on top of it the film negative (or the 
negative alone if made from a plate) are placed inside the wooden frame 
against the rabbeted edge, then a sheet of paper is laid over the negative and 
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the two are clamped into contact by the back of the printing frame which is 
usually hinged in the middle and covered with felt, and to which flat springs 
are attached. Printing frames are made in sizes to fit the standard dimensions 
of plates and films. The printing light is usually a strong electric or arc light 
and the frame is held at a certain distance from it, which should be at least 
equal to the diagonal of the negative. A distance once adopted should not be 
changed as any variation will affect the intensity of the light falling upon the 
frame. The variation in light intensity wiil be in inverse proportion to the 
square of the distance as explained in paragraph 74 d. 

e. Negative density.— Negative density means the opaqueness of the negative 
and, therefore, it concerns the power of the negative to transmit light, a thin 
negative allowing more light to pass through it in a given length of time than 
a denser negative. This factor to be reckoned with in the calculation of the 
exposure required in printing has been fully explained in paragraph 243 d. 

f. Color of the negative-——When pyro is used in the developer with only a 
certain amount of sodium sulphite the negatives will have a yellow color, 
which is equivalent to so much added density. This color can not be detected 
under the safe light and, therefore, negatives must be examined in daylight 
in order to detect it and make proper allowance for the depth or amount of the 
color present. (See par. 243 d.) 

g. Use of test strips —Finding the correct exposure is accomplished by the 
so-called trial and error method. To economize in the use of photographic 
paper, which is expensive, a sheet is cut into strips and these strips used until 
the exact printing time of the negative is found. The making of these test 
exposures on strips of paper should be conducted as follows: 

(1) Examine the negative very carefully, noting the general density and 
relative density in various parts and estimate (guess at the beginning) the 
exposure it will require. 

(2) Cover two-thirds of the negative with a sheet of black or opaque paper; 
place the strip on top so that one-third of it will be in contact with the negative 
and two-thirds protected from the negative by the opaque paper. 

(3) Expose the portion of the strip in contact with negative for half the 
estimated length of time required for the negative. 

(4) While holding the strip in position, move the opaque paper back until 
two-thirds of the strip is in contact with the negative and make a second ex- 
posure of the same length as the first. (It should be noted that the first one- 
third of the paper has now received twice the exposure given to the second 
third.) 

(5) While holding the strip in position on the negative, withdraw the opaque 
paper entirely and make a third exposure of the same length of time as the 
first and second exposures, 

The test strip has now received a combination of exposures. Thus, if the 
exposure time of the negative as originally estimated was 20 seconds, the 
third of the strip first exposed has received three exposures of 10 seconds 
each, the middle or second third two exposures of 10 seconds each, or 20 
seconds, and the last or third strip a single exposure of 10 seconds or one- 
half of the estimated exposure required. Upon completely developing this 
Strip the operator will know whether to increase or decrease the original 
estimate, and from the information yielded by the test strip will be able to 

decide whether by modification of the original estimate the correct exposure can 
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now be exactly gaged or whether another test strip should be made. If the 
original estimate is far from correct—for instance, if the darkest end of the 
strip is less than half the proper depth—another test strip should be exposed 
on the basis of a new and larger estimate. In a case of this kind, where the 
original estimate is far from correct, a second strip should be made taking 
as the new estimate an exposure of at least three times the original one, 
which, in the illustration used, would be approximately 60 seconds. Upon 
exposing another strip in following the new estimate, the result will be three 
test exposures of 30, 60, and 90 seconds, respectively. When the correct 
exposure is obtained by this method, a full size sheet of paper should be used 
for making the number of prints desired. It is essential that the conditions 
under which the trial strip is made should be repeated exactly during the 
exposure and development of the final print. It is possible that a fluctuation 
in the strength of the electric current may intervene. However, a marked 
fluctuation will not ordinarily occur between the making of the test strips and 
the exposure of a final print, provided these operations are performed within 
a short time of each other. Nevertheless, if the test strip be made and the 
information as to the correct exposure derived from it be noted and used 
when making the final print at a much later hour or even on another day, 
an unexpected variation in the strength of the electric current may occur and 
lead to failure to obtain a correct timing. 

Summarized, the simple condition requisites to constitute the _ test-strip 
method a reliable means of finding the correct exposure are as follows: 

(a) Both the test strip and the final print or prints must be made 
from the same negative and on the same kind of paper taken 
from the same box. 

(6) The strength of the printing light (and if a printing frame be 
used the printing distance) must be the same for both the test 
strip or strips and the final prints. 

(c) The development of both the test strip and the print must be per- 
formed with the same kind of developer, under the same condi- 
tions, and for the same length of time. 

In making a succession of trial exposures on the same test strip, each 
exposure should be double the preceding one; for instance, 5 seconds, 10 
seconds, 20 seconds, 40 seconds, and so forth. The development of the test 
strip must be allowed to run its proper course whatever may be the appear- 
ance of the image on the strip resulting from such procedure. 

The test strip should be placed over that part of the negative that will 
include both the densest and thinnest areas so that the operator will be able 
to see from the trial exposure the extent the light has penetrated both the 
high lights and the shadows. If the negatives to be printed are of uniform 
general density, the correct exposure for one will be somewhat of a guide 
when reckoning the exposure for another, so that by comparing a negative 
from which successful prints have been made with another about to be 
printed and considering the exposure given the first, the operator will be 
able to estimate the exposure required for a test strip from the second and 
eventually, after acquiring sufficient skill in printing, will be able to gage 
the time required for a print from the second negative accurately enough 
to save the time of making a test strip from that negative. However, if the 
operator is in the least doubt as to the amount of exposure required he should 
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resort to the making of test strips and the trial exposures on them should be 
continued until the printing time of the negative is exactly obtained. The 
willingness of the student to take pains to find the correct printing time of a 
negative by the use of test strips is essential to success in printing. 

h. Dodging.—Owing to the fact that some objects are much better reflectors 
of light than others and that subjects are not always evenly illuminated, 
negatives are frequently of uneven density, and the making of satisfactory 
prints from them requires skill and resourcefulness. If some of the printing 
light is held back from the thinner portions of the negative and a longer 
exposure is given to the denser portions, a more acceptable print will 
result. This shading is called “dodging.” Dodging, therefore, may be 
defined as any method of holding back light from a portion of a negative 
im order to give a more even tone to the whole print by distributing the 
quantity of light according to the strengths of the different densities in the 
hegative. It happens that a negative is often much thinner at one end than 
on the other, or has a dense spot in the center with the edges thin. A straight 
contact print from a negative of the latter kind would give a light center 
and very dark edges. To overcome this in the making of the print a part of 
the light that reaches the edge of the negative is held back while the center 
is allowed to receive the full amount of light. This holding back of the 
light is usually done with bits of tissue paper, torn and placed so that they 
will shade the thin areas of the negative and thus reduce the intensity of the 
light reaching those areas to the strength desired. The paper should be 
roughly torn so that a fine line of separation will not show in the print. 
When more than one thickness is used in building up a screen of the desired 
Opaqueness the sheets should be torn into slightly different sizes and laid 
with overlapping edges so as to tone out the line of separation. In judging 
the exposure for a negative thus dodged the length of the trial exposure 
decided upon should be sufficient for the densest portion of the negative. 
The dodging paper, if properly used, should then equalize the amount of 
exposure required by the thinner portions, so that a print of even density 
will result. When dodging must be resorted to there should be a liberal use 
of test strips until the correct exposure is exactly found. 

The type K-1 contact printer (fig. 48) contains a group of nine lights 
which may be composed of any size lamps up to 100 watts each. The lights 
are arranged in three rows of three lamps each. In the front of the printer is 
a small switchboard with nine individual switches for the nine lights so that 
any particular light may be turned on or off when desired and thus any number 
of lights up to nine may be used. Although this arrangement of the lights 
permits dodging without the use of tissue paper in some cases, the use of the 
lights in conjunction with tissue paper will be found to give more satisfactory 
results in most instances. When tissue paper is used in this type of printer 
the blower must be dispensed with and the size of the lamps sufficiently reduced 
to avoid the generation of enough heat to crack the diffusing screen and glass 
top in the printer. In the general run of negatives the operator should never 
find it necessary to turn out at one time more than three lights in this type 
of printer as a reduction of the lights below this number will increase the 
length of the exposure beyond reasonable limits. 

245. Development.—a. Underlying theory.—The chemistry involved in mak- 
ing an exposure and developing a print is fully explained in paragraphs 179 
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and 180. The invisible latent image impressed upon the paper by the exposure 
is composed of a subsalt of silver which in turn is converted by the developer 
into the black metallic silver that constitutes the visible positive image. When 
the exposed paper is allowed to remain in the developer for the normal develop- 
ing time, the developer acts only on the silver subsalt that has been produced 
in the emulsion by the exposure. During the normal developing time the devel- 
oper has no effect on the silver salt in the emulsion that has been protected from 
the light by the printing mask or by those dense portions of the negative which 
the light has not had time to penetrate sufficiently. 

b. Immersion of print.—After counting off the correct number of seconds 
during which the white light in the printer has penetrated the negative and 
impressed the latent image in the emulsion of the paper held in contact with it, 
the operator should raise the top of the printer, and remove the paper. In 
taking the paper from the printer, care should be used not to rub its surface 
against the negative, otherwise, abrasion marks will appear upon development 
of the print. (See par. 250 b.) The sheet of paper as thus exposed is now 
ready for development and the next step is the immersion of the sheet in the 
developer. The correct manner of performing this operation is important as 
the sheet should never be merely placed in the tray. The developer acts 
quickly and it is, therefore, very easy to develop the print unevenly, if the 
developer, due to the incomplete or noninstantaneous manner of immersion, is 
allowed to act on some parts of the sheet before the whole sheet is entirely 
submerged. The secret of correct immersion lies in so inserting the paper 
into the developer that the solution acts almost at once on all parts of the 
sheet. This can be very easily done by holding the sheet with the emulsion 
side up and sliding it from the side of the tray into the developer and then 
immediately following the sheet into the developer with one hand and passing 
the finger tips quickly and gently over the surface of the emulsion so as to 
dislodge any small bubbles of air that may be adhering to it. These air bells 
prevent the developer from acting, and if allowed to remain, leave undeveloped 
white spots on the print. The paper should never be developed emulsion side 
or face down as the contact of the coated surface with the tray or with 
another sheet of paper may cause abrasion marks or prevent even development. 
There may be a tendency, especially when single-weight paper is used, for the 
sheet to adhere to the bottom or to the side of the tray when it is first 
immersed in the developer. This should be corrected at once by lifting the 
sheet entirely out of the developer and then returning it immediately to the 
solution. The tray should be rocked during the entire period of development. 

c. Action of the developer—The papers used in photography develop in the 
same way as a plate or film; that is, during development, contrast steadily 
increases, but, unlike a film, there is during development a growth of general 
density over the whole print similar to that obtained by increasing the 
exposure. 

If after the sheet of paper is immersed in the developer it remains unaf- 
fected for an appreciable length of time, either the paper has not been exposed, 
or the developer has not been correctly mixed; that is, it contains none or too 
little of the developing agent or the accelerator, or too much of the restrainer. 

When white light, other than that which has passed through the negative 
during exposure, has affected the paper, the sheet is termed “ light-struck ” 
or “fogged.” This may occur during the process of manufacture, although it 
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is improbable. It may occur while the paper is stored in a box that is broken 
or has holes in it that admit light. It may result from a leaky safe light, 
leaky dark room or a dark-room light that is not of the proper color. If the 
paper is ‘“ light-struck” this will instantly appear when the sheet is im- 
mersed in the developer, and it will be indicated by a rapid darkening of the 
whole sheet, or of that portion that has been affected by the extraneous light. 
The sheet should be discarded and the cause traced. The investigation should 
include checking the manner of preparing the stock solution of the developer ; 
reviewing the manner of diluting the stock solution to make the working solu- 
tion; taking the temperature of the developer and carefully going over the 
operations followed in exposing the print. The effect of the temperature of 
the developer is considered fully in f below. At all times the operator should 
take great care in preparing the developer and know that while in use it 
remains at the proper temperature. Failure to stir the developer when dilut- 
ing the stock solution will cause black and white streaks over the print. They 
are the result of uneven development. 

d. Proper development.—The operator should obtain a clear mental picture 
of the action of the developer on a sheet of paper that has been exposed cor- 
rectly so that from the speed and manner in which the image builds up in the 
developer he will be able to determine soon after the developer begins to act 
whether the exposure has been correct. If the length of the exposure has 
been too great the work of the developer will be very rapid, the image quickly 
appearing and darkening to blackness often before the paper can be removed. 
On the other hand, if the amount of the exposure has been too little, the action 
of the developer will be slow and the print will not develop to full density 
or proper tone. The progress of development is thus closely watched so that 
the print may be instantly removed when the proper degree of density has been 
reached. However, only correct exposure followed by correct development can 
give satisfactory results. 

If the paper has been exposed too long the operator may be quick enough to 
remove it from the developer before it has turned too black; but if successful 
the color of the print will not be satisfactory because the development has been 
Stopped before the proper shade of black and white for the amount of exposure 
given has been reached. The length of the exposure must be such that at the 
expiration of the time required for normal development correct color as well as 
correct density in the print will have been attained. 

If the exposure has been insufficient the action of the developer in bringing 
out the image will be slow as already stated and the inclination of the operator 
will be to leave the print in the developer for longer than the normal time of 
development in the vain hope that by prolonging the development it will reach 
the degree of density desired. It seems natural to fall into this error, but the 
student should endeavor to avoid it by realizing that the action of the developer 
can not make up for a lack of light action and that when it has been found in 
development that the print is underexposed the student should develop it for the 
normal length of time before throwing it away so that it can be determined 
from the amount of its density how much to increase the exposure when expos- 
ing the next sheet of paper. Thus, if the image should be twice the density 
of that in the underexposed print, the length of the exposure should be doubled. 

From the foregoing this summary is apparent, namely, that the develop- 
ment of a print may be considered correct when the following conditions 
have been obtained: 
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(1) The tones, that should be black, are the best black the paper will 
yield. 

(2) The maximum contrast of the paper has been reached. 

(3) The half tones of the print have assumed their proper position in the 
scale of tones. 

When a correctly exposed sheet of paper reaches the point of correct de- 
velopment there seems to be a pause. Under some safe lights it is not easy 
to gage exactly when the proper degree of density has been reached. If 
there is too much red in the color of the safe light, prints will appear darker 
under it than in daylight. To avoid the inclination to underdevelop which 
results when an unsuitable safe light is used, one that is thoroughly safe 
but contains less red should be substituted if possible, or the initial print 
made to obtain the requisite tone should be examined in daylight. In fact, 
the operator may be more certain of obtaining the exact tone if the print 
were examined in daylight, after the action of the developer has been com- 
pletely stopped in the fixing bath. An extra print of this tone when ob- 
tained can then be laid near the safe light and the development tray and 
subsequent prints as made matched in tone with it thus avoiding the neces. 
sity for further daylight inspections. 

The factors controlling development are— 

(a) The nature, strength and composition of the developing solution. 
(b) The temperature of the developer. 
(c) The make of paper. 

The third factor controlling development has been considered in para- 
graph 242 d. However, before proceeding with a minute consideration of 
the first and second factors, it is necessary that the effect of the length of 
development on the print be first clearly understood. 

e. Effect of length of development.—The normal developing time varies with 
the kind of paper used. With chloride paper it is much shorter than with 
bromide paper, the first requiring approximately 1 minute for normal de- 
velopment and the second almost twice as long. The normal development 
time for the kind of paper used if unknown should be learned from the man- 
ufacturer’s instructions that accompany the paper. 

Prolonging development in the case of an underexposure, sometimes termed 
“forcing development,” gives chemical fog; that is, the developer, being as 
long in contact with the paper, begins to act on the silver grains in the 
emulsion that have not been affected by the light during exposure and pro- 
duces a gradual graying over or veiling of the entire surface of the print. 
This is especially noticeable in the white border or edge of the print which 
becomes gray or darkens. Such a graying over or darkening of the edges 
will also appear when the paper has been stored in an unsuitable place, such 
as one that is damp or one where fumes from chemicals have affected it. A 
developer that is too energetic may cause the same kind of trouble, in which 
event potassium bromide should be added to it. Again, the developer may 
not be mixed properly and there may be too great a proportion of chemicals 
which normally speed up its developing action. Also, paper that is old shows 
its age by the mottled or graying edges that appear when it is developed. 
If the forcing of development is excessive, yellow stains will appear on the 
print. The same kind of stains, however, may be caused by unclean fingers 
or trays or by polluting the developer with the fixing bath transferred to it 
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on the hands. In a finished print there should not be a vestige of either fog 
or stain. A good brand of paper will stand at least twice the developing time 
necessary to insure a good black before fog or stain makes its appearance, 
The error the beginner is likely to make is that of giving too little development 
to the print. 

The effect of curtailing development in the case of a correct or overexposure 
is to produce a print which is not of good color and moreover is flat and lacks 
the proper degree of contrast. 

f. Temperature of developer.—The normal and proper temperature for the 
developer is 70° F. If it is above this, results are uncertain and the action of 
the developer is like one that is too strong. If chemical fog is not produced 
immediately upon the immersion of the paper in a developer that is too warm, 
the developing action will certainly be so rapid that it will be almost beyond the 
control of the operator. With such a developer also it is almost impossible to 
control the tones and instead of obtaining the desired black and white prints 
the operator will produce prints of tones of various shades of dark, greenish 
brown. A developing solution that is too warm will also cause the gelatin 
surface of the paper to frill or to melt. Careless handling of the paper in warm 
baths will also cause frilling. 

A developer that is too cold or below a temperature of 70° F. acts too slowly 
for practical purposes and when used it is almost impossible to obtain a sufficient 
amount of density or blackness in the shadows of the print. 

g. The weakening of the developer—The developing action weakens the 
developer so that with each print developed the developer loses strength. This 
is very quickly seen when only a small amount of developer is used. There- 
fore, the quantity of developer should be gaged by the number of prints to be 
made so that this weakening will appear slowly as compared to the number of 
prints developed. When a developer is becoming appreciably weakened by 
continued use it will show that fact in the length of time it requires to develop 
a normally exposed print to a proper black and white and by the persistency 
of a greenish cast in the color of the prints; also, the developer will begin to 
turn brown. The quantity of sediment thrown to the bottom of a tray of a 
nearly exhausted metol-hydroquinone developer will also indicate to some 
extent the strength of the developer. If the weakening of the developer is 
abnormally rapid, it is due to the presence of too great a quantity of carbonate 
in the developer, or too small a quantity of sulphite. 

When a developer begins to act too slowly it should be discarded. The best 
tones are obtained with a fresh developer of the proper strength and tempera- 
ture. Yellow stains are also caused by a weak or exhausted developer or from 
underexposure and too long development. Forced development will never give 
good prints. The developer can not put the picture on the paper; the exposure 
does that. Impure whites come from working in too strong lights and not 
having sufficient bromide in the developer. They may also be due to old 
paper. Long exposure and development in dilute developer give warm colors. 
Short exposure and development with a stock developer give blue-black tones. 
Greenish tones are caused by an exhausted developer, or by too much bromide 
in the developer, or by overexposure and underdevelopment. 

h. Modification of the developer—By reference to paragraphs 187 and 189 
it will be found that the ingredients that are used in the making of a developer 
for photographic papers are the same as for plates or films with the exception 


229 


TM 2170-5 
245 AIR CORPS 


that hydroquinone is used instead of pyro in a paper developer. A developer 
containing pyro will stain prints and therefore it is unsuitable. (The principles 
governing the development of negatives and prints are the same and at this 
point the student should review paragraph 180.) 

The one ingredient whose use the student must understand is potassium bro- 
mide. All developers for paper require a certain amount of potassium bromide 
to keep the whites of the print clear. Manufacturers state in the developing 
formula given in the directions accompanying their papers the correct amount 
of potassium bromide for their most contrasty or “hard” papers. This amount 
is not sufficient for ‘“‘ soft’ papers, as the softer, or faster papers require more 
bromide in the developer to give the required color and at the same time keep 
the whites of the print from fogging. As it is impracticable to keep enough 
stock solutions of paper developers with each containing the correct amount of 
potassium bromide for every grade of paper used, such solutions are prepared 
for the hard papers, and when used for the soft papers the necessary additional 
amount of potassium bromide is added to the working solution. This addition 
of bromide does not change the color of the print to any considerable extent 
provided the time of development is increased slightly over that normal for 
hard papers when developed in the solution recommended by the manufacturer. 
For convenience, therefore, saturated solutions of potassium bromide are kept 
in the printing laboratory. (See par. 191.) When printing from negatives that 
require a soft grade of paper, bromide must be added to the developer if the 
whites do not appear clear or if the prints show any indications of fog on the 
masked border. Even if this fogging of the print does not result, bromide should 
be added to the developer for soft papers if the same color of print is desired 
from soft papers as from the hard. Bromide papers almost without exception 
require at least one-third more potassium bromide than chloride papers. If 
the additional bromide is not used with these papers, development can not be 
prolonged sufficiently to secure the rich, deep printing tone that is necessary 
for good enlargements. The greenish tinge in prints that is usually laid to the 
excessive use of potassium bromide is many times really caused by under- 
development. The greater the amount of bromide in the developer the longer 
should be the time of development. Whenever greenish or brownish tones are 
encountered in printing, recalculate the developing formula to see whether the 
amount of potassium bromide is in excess of that required for the particular 
brand of paper being used. If it is found that it is not, development should be 
continued for a longer time, and the difficulty will usually disappear. 

The saturated solution of potassium bromide is added in drops to the working 
solution of the developer, use being made of the ordinary type of druggists’ eye 
dropper for this purpose. The dropper may be thrust or mounted through the 
cork of a small wide-mouthed bottle. In dropping the solution in order to 
produce drops of uniform size hold the dropper horizontally while press'ng the 
bulb. It requires approximately one and one-half drops of the saturated solu- 
tion to equal 1 grain of potassium bromide in crystalline form. This should be 
borne in mind when adding the bromide to the working solution. If a large 
quantity of the working solution is used thereby requiring a large number of 
drops, an accurately engraved drachm graduate may be used for measuring 
the bromide. A drop may be considered as equivalent to a minim. In the 
average formula for a paper developer the potassium bromide is proportional to 
the metol. To increase the bromide in the working solution, add about one- 
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tenth the amount of the bromide that the formula contains in metol. Since a 
quart of working solution, made according to the average formula, contains 
approximately 15 grains of metol, about 144 grains or from two to three drops of 
a saturated solution of potassium bromide should be added to this amount of 
developer. If this should prove insufficient add two or three drops more, test 
by the development of a print, and if additional bromide be still desired, add in 
this quantity, followed in each instance by a test until the desired result is ob- 
tained. A saturated solution of potassium bromide is strong and a very small 
quantity will affect the developer, therefore, great care must be used in ac- 
curately measuring the bromide in drops when adding it to the working solution 
of the developer. The quantity equivalent to drops must not be guessed at and 
the bromide poured into the developing solution without counting the drops. 
The operator must know exactly how much bromide is added. On account of 
the great care and accuracy required when using a saturated solut:on, a 10 
per cent solution of potassium bromide is sometimes used. As this is much 
weaker than a saturated solution, a much larger quantity is required, and if the 
counting of a large number of drops is desired to be avoided a drachm graduate 
should be used. 

Occasionally when stale paper is used the addition of potassium bromide 
to the developer may not prove as efficacious as the use of potassium iodide. 
The proportion of the latter salt ordinarily added to a normal paper developer 
is not more than one-eighth of a grain to each ounce of the working solution. 

Sodium sulphite is the preservative in the paper developer and, therefore, 
prevents the developer from decomposing too rapidly and becoming discolored. 
Sodium carbonate energizes the developing agents and, therefore, the develop- 
ing action is slow or rapid in proportion to the amount and quality of the 
alkali used. An increase of carbonate tends to produce black tones while a 
reduction of it will produce softer results. 

In the developing formula appearing in paragraph 189 there are two de- 
veloping agents, namely, metol and hydroquinone. By increasing the amount 
of metol and reducing the amount of hydroquinone softer effects are pro- 
duced. While, on the other hand, if the amount of hydroquinone is in- 
creased and the amount of metol reduced the contrast in the prints will be 
somewhat greater. To obtain still more contrast in the prints the hydro- 
quinone should be increased, and also the carbonate. If this is done the 
bromide should be increased in order to afford the necessary control of de- 
velopment action. 

To diminish the contrast in prints, double the amount of metol and halve the 
amount of hydroquinone and carbonate. 

If the developer discolors rapidly when being used it indicates the presence 
in it of weak or old sodium sulphite. Only fresh sulphite of the best quality 
should be used in developers for paper. 

If the quantity of potassium bromide added to the developer is merely 
Sufficient to keep the prints from fogging, the tones of the prints may be a 
cold blue-black. If a warmer black is desired, the amount of the bromide 
Should be slightly increased. 

A dilute developer tends to even up the tones, thus producing the maximum 
of detail, while a strong developer produces more contrast. 

246. Rinsing.—a. Necessity of rinsing a print.—As gelatin is used to the 
same extent in the manufacture of the photographic emulsion coated on paper 
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as it is used in making the emulsions of plates and film, the necessity of a 
rinsing bath when developing prints is the same as that obtaining in negative 
making, as explained in paragraphs 192 and 217 i. During development the 
pores of the gelatin in the emulsion on the print are opened and the gelatin 
coating in this spongy state absorbs a quantity of the developer. If the 
prints are transferred to the fixing bath directly from the developer an appre- 
ciable quantity of the latter will be carried into the fixing bath on the sur- 
face of the prints and the alkali in the developer will neutralize the acid 
in the fixing bath and thus eventually deteriorate the solution. Therefore, in 
order to prolong the purity of the fixing bath, recourse is had to an interme- 
diate bath in which the print is rinsed thoroughly before being placed in the 
fixing bath. 

b. Plain rinsing bath—Ordinarily the rinsing bath consists of water of a 
purity suitable for photographic purposes and at a temperature at least uni- 
form with that of the developer, and preferably slightly below that temperature. 
When a plain rinsing bath is used, the rinsing must be as thorough but as brief 
as possible. If prints are allowed to remain in such a bath for an unneces- 
sary amount of time there may be a slight continuance of development, thus 
causing the density of the print to be greater than that decided upon when 
the print was removed from the developer. This developer remaining in the 
print may also cause stains, and moreover as the print still remains sensitive 
to light a prolonged stay in a plain rinsing bath may cause it to be fogged 
by the safe light. 

c. Acid rinsing bath.—The rinsing bath is often acidulated by the addition 
of a 28 per cent solution of acetic acid, otherwise known as acetic acid No. 8, 
in the proportion of 1 part acid to 32 parts water. Such a rinsing bath is 
sometimes called a ‘‘ stop bath” because the acid in it immediately stops 
the developing action. In a plain rinsing bath this may continue for a brief 
time until the developer is fully washed out of the gelatin surface. There- 
fore, in an acid bath prints may be allowed to remain for an appreciable 
length of time without danger, while in a plain rinsing bath, as soon as 
prints are thoroughly rinsed, they should be transferred without delay to the 
fixing bath. The failure to rinse the print at all, or thoroughly, not only 
weakens the fixing bath, as explained, but may cause yellow stains in the 
prints. The purpose of the acid in the fixing bath is to stop development. 
As the fixing bath should remain acid at all times the use of an acid rinsing 
bath in conjunction with it tends to prolong its life and at the same time 
insures that instant stoppage of development and thorough rinsing of the 
print which are so necessary between development and fixation. 

When an acid rinsing bath is used, great care must be taken to see that 
none of the bath finds its way into the developer by way of the operator’s 
hands or otherwise. 

247. Fixation.—a. Purpose—A print is fixed after development for the same 
reason that a negative is, namely, to dissolve out the silver salt in the 
emulsion which has not been acted upon by the light and does not form any 
part of the developed image. (See pars. 193 and 217 j.) 

b. Preparation of fixing bath.—The fixing bath almost invariably used for 
prints is of the acid type and is made by combining a solution of sodium 
hyposulphite of the proper strength with the proper amount of a second 
solution known as the acid hardener. The formulas for the hypo solution and 
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for the acid hardener, together with instructions for combining the two in 
proper proportion to make an acid fixing bath, appear in paragraphs 195 to 197. 

c. Handling the prints in the fixing bath—When the developed print has 
been thoroughly rinsed it should be transferred to the fixing bath, and in 
order that fixation may be even and complete, all prints in this bath should 
be kept in motion by use of the print paddle made for this purpose. Prints 
should not be allowed to float on the surface of the fixing bath, but should 
be weighed down by the end of the paddle. It is a good practice to move 
all the prints in the fixing bath whenever a new print is added to the bath. 
The operator should keep his hands out of the fixing bath as much as possible. 
If, however, it becomes necessary to put the hands into the fixing bath, or 
this solution inadvertently gets on them, immediately rinse them thoroughly 
under the faucet and dry before developing operations are continued. 

d. Length of fization—The question as to how long it takes to fix prints 
completely is a practical one at this point. In the case of negatives, the 
unchanged silver salt can be seen to disappear as it passes into solution 
and by inspection alone it can be judged when fixation is complete. The 
completion of fixation of paper prints, however, is a very much more difficult 
matter to judge for the following reasons: 

(1) The tendency of prints to collect together and lie in a mass in the 
fixing bath. 

(2) The absence of any visible sign that the unchanged silver salt has been 
completely dissolved. 

The photographer is, therefore, compelled to work by rule. It is imperative 
that the prints when fixed should be prevented from lying one on top of another. 
It is nearly impossible for fresh hypo to reach the middle of a collection of 
adhering prints and for silver charged hypo to diffuse out. The principal 
aids to proper print separation are the use of a large container for the fixing 
bath and a sufficient quantity of the bath. It materially helps complete fixation 
to use two baths at the same time, not alone for the reason that it allows a 
greater number of prints to be fixed at any one time without undue crowding, 
but principally because it permits of an arrangement whereby the terminal 
portion of the fixing process takes place in the fresh and less used bath. 

It is very tempting when a large number of prints are being developed to 
allow the fixing bath to become crowded with prints and to transfer them all 
at once to the wash water. The result is usually that prints which were first 
developed will be left in the fixing bath too long and prints which were devel- 
oped last will remain in it for too short a time. Immersion for too long a time 
may also tend to some loss of delicate high-light detail, while on the other 
hand, if the length of immersion be too short, obviously the risk of incomplete 
fixation is run. The permanency of a print depends upon complete and proper 
fixing and washing. If fixing has been insufficient the print will afterwards 
fade or turn yellow. Prolonged immersion in the fixing bath will have a slight 
bleaching action on the print, as already stated, and will otherwise remove the 
snap and brilliancy from a correctly exposed and correctly developed print. 

In summertime, especially, the acid fixing bath may throw down a fine 
white deposit, which settles upon the surface of the print and necessitates 
swabbing the print off fully and carefully when it arrives in the final washing 
bath. 
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There should be a regular and even procession of prints from one bath te 
another at definite time intervals. After the first print has been in the fixing 
bath about 10 minutes, turn all prints put in face down, and continue putting 
prints thereafter in the bath face up for another 10 minutes, then remove the 
first lot to the final washing and put the second lot in face down. If develop- 
ment is being conducted so rapidly that prints are choking up in the fixing bath, 
obviously there must be either a greater quantity of fixing bath used or a pause 
in development. With a freshly made fixing bath, under normal conditions and 
provided the prints are kept in sufficient movement in the fixing bath, fixation 
is complete in 20 minutes. 

e. Exhaustion of the fixing bath.The fixing bath weakens with use and 
there is a limit to the number of prints that can be properly fixed in a certain 
quantity of solution. It has been calculated that a gallon of fixing bath made 
according to the formula appearing in paragraph 197 will fix one hundred 8 by 
10 prints. When these have been fixed the bath should be changed. It should 
be remembered that the total area of printing surface, which a given quantity 
of hypo will fix, is a maximum and that it is only efficient when proper atten- 
tion is paid to the fixation process. As a fixing bath is cheap in comparison 
with the cost of paper, and as there is danger of prints deteriorating in time 
from improper fixation, whenever there is any doubt as to the working condition 
of a used hypo fixing bath, it should be tested to determine whether it should 
be discarded. A simple test is the comparison of its power of dissolving the 
Silver salt from a strip of an unexposed film or plate with that of a fresh 
solution applied to a strip of the same film or plate. If it takes twice as long 
to clear the film or plate with the used hypo as it does with the fresh, the old 
bath has exceeded its usefulness and should be discarded. A spent bath also 
feels slippery and inclines to froth. 

248. Washing.—a. Purpose.—The necessity of the prolonged washing of 
negatives is fully explained in paragraph 199. As the emulsion of prints as far 
as the gelatin is concerned is the sume as that of negatives, the reason for the 
prolonged washing of negatives applies equally to prints, and the ideal in print 
washing is obtained when in the washing the conditions described in the para- 
graph cited are fulfilled. However, these conditions can not be applied with the 
same success to prints for the reason that in running or agitated water prints 
tend to collect in a batch, and therefore, it takes much longer and is more diffi- 
cult for the hypo to diffuse out of the gelatin coating and paper stock. Ordi- 
narily, the washing rule for double-weight papers is that each print shall be 
soaked for 10 minutes in 12 complete changes of water. The washing rule for 
single-weight papers is that each print shall be soaked for 5 minutes in 12 
complete changes of water. 

b. Use of trays—When there is sufficient time, and the number of prints is 
small, thorough and complete final washing can be satisfactorily accomplished 
in trays, and this method of washing will be found preferable in the case of 
very large prints that may be damaged in a specially made washing container 
or machinery of the kind referred to in c below. 

c. Use of special print washing containers or machines.—From 0 above it 
will be obvious that the ideal sought in the washing of a print is attained when 
there is a continuous flow of fresh water through the gelatine coating of the 
prints. Various washing tanks have been devised for the purpose of accom- 
plishing this. Into them the fresh water is introduced so that it will keep the 
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prints separated and in motion, and the water that becomes laden with the 
fixing bath will flow out. One type of these consists of a large circular tank 
in which the method of introducing the water imparts a circular movement to 
the prints, but with this type there is danger of injuring the prints if the fiow 
of the water is strong. This is especially true in the case of very large prints. 
Other types of washers are more of the nature of a machine such as that illus- 
trated by Figure 51 in which the prints are inclosed in a perforated or wire- 
work drum that is kept revolving in a quantity of constantly changing water. 
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FicguRE 51.—Print washing machine 


Any method of washing to be effective must keep the prints well separated 
and not let them lie at the bottom of the tank in a pool of fixing bath which 
has been washed out of the prints and has settled at the bottom. As the 
fixing bath is heavier than water, it will thus settle unless it is forced off 
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by a stronger current of water. The wash water should, therefore, be run fresh 
into the bottom of the washing tank and the outlet should drain the water 
from the surface. If the water is run in at the top it will pass off at the top, 
and as the fixing bath is heavier than the water it will stay at the bottom of 
the tank undisturbed and the prints in it will not be thoroughly washed. It 
is a mistaken notion that print washing can be hurried and that by running 
a great quantity of water over the prints the time required for final washing 
can be reduced. The pores of the gelatin in the coating of a print are small 
and allow only a small quantity of water to enter at one time, and water 
under great pressure can not penetrate more rapidly than water not under 
pressure if injury to the coating is to be avoided. Water from the faucet, there- 
fore, should not be allowed to strike a print directly, as this will cause 
blisters. 

249. Drying.—a. Squeegeeing.— When a print has been thoroughly washed in 
the manner described in paragraph 248 it should be removed from the wash 
water, its surface thoroughly swabbed with a piece of wet absorbent cotton, 
and the print placed to dry. If the hardener in the fixing bath has sufficiently 
hardened the emulsion side, the print may be blotted off and a squeegee or 
a print roller used to remove the surplus water. A squeegee is a thick, evenly 
cut strip of soft rubber mounted in a wooden handle, a common large-size type 
of which is used in the washing of store windows. A print roller is one or 
more rubber-bound rollers in a suitable handle. The purpose of both imple 
ments is to secure better contact, usually of a print, with a fiat surface such as 
a ferrotype plate or a sheet of cardboard by forcing out the surplus water or 
paste present between the print and the surface. These accessories are exten- 
sively employed in ferrotyping and in the mounting of prints. The word 
“ squeegeeing ” in connection with the drying of prints means simply the re 
moval of surplus water from the print. To do this the print is placed face 
down on a board or similar rest that slopes into a sink and the surplus water 
is forced out by running the rubber-edged straightedge, or squeegee, or the print 
roller over the back of the print. After a print has been squeegeed it is 
dried. 

b. Simplest method of drying—The simplest drying method is to place 
the print after it has been squeegeed face down on a drying stretcher. This 
stretcher consists of a frame of wooden strips covered with a porous cotton 
material such as muslin or cheesecloth. A kind of small-mesh mercerized 
cotton netting used in the making of window curtains and called marquisette 
has been found excellent for use on these stretchers. It is superior to cheese 
cloth, because it will not sag when wet and is of stronger and harder weave 
and lintless. When a stretcher has been covered with prints it is slid into a 
rack with othcrs, which holds the screens horizontally and keeps them suffi- 
ciently apart to allow a circulation of air. The rack should have long enough 
legs so that the lowest placed stretcher in it will be sufficiently above the 
floor to permit the placing of a dryer under the rack or to allow air to 
circulate under it. The warm air that accumulates at the ceiling may be 
utilized by drawing the rack up to the ceiling by means of a rope fastened 
to the top of the rack and running through a ring or large screweye in the 
ceiling. The drying of the prints by this method is spontaneous and the time 
required will depend upon the degree the emulsion of the print has been hard- 
ened in the fixing bath; the extent to which the surplus water has been 
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removed from the back of the print; and the temperature and degree of 
humidity of the drying room. This is the most satisfactory method of drying 
prints which are subsequently to be used in assembling mosaics, as there is no 
danger of stretching them, which may be done when other drying methods 
are used. Prints for mosaic making should never be squeegeed, as even squee- 
geeing will cause some slight distortion or stretching. Therefore in drying 
such prints the surplus moisture is merely allowed to drain off and they are 
then placed emulsion side down on the drying stretcher. 

250. Defects in prints.—a. Avoidance of defects.—Defective prints are 
caused by the operator’s carelessness or lack of skill. They may occur not 
only in the printing operations, but in the storage of paper or in the prepara- 
tion of solutions. Rarely may the manufacturer be properly blamed for defec- 
tive prints as everything is done to make the papers uniformly good and thus 
zealously maintain a cherished standard of excellence. In b below will be found 
an alphabetical list of the common defects in prints with an explanation as to 
the cause of each and a recommended remedy in the few cases in which.a 
remedy is possible. It is expected that this list will be frequently consulted 
by the student while pursuing the course covered in this section, especially 
whenever any difficulty arises in producing a thoroughly satisfactory print. In 
fact, each print made by the student should be carefully studied, and with the 
aid of the foregoing text and index of defects that follows every effort should 
be made to find out exactly how the print might have been improved. 

At any stage of the printing operations, if satisfactory results are not being 
obtained, the trouble should be localized immediately, if possible, by determin- 
ing the point at which the defect occurs, and, when found, corrective measures 
taken at once. If the defect appears in the developer, it may have been caused 
either in the manufacture, storage, exposure or in the developing bath itself. 
If the defect does not appear in the developer, but reveals itself in the fixing 
bath, it may have been caused by some improper mixture used in the preparation 
of the fixing bath. However, if the defect does not occur until the print is in 
the wash water, the defect was then caused either by the fixing bath or by im- 
proper washing. After locating the defect, the alphabetical index of defects 
should be consulted and if the information given there is insufficient to enable 
the student to obtain a clear and full understanding of the cause of the defect 
and the manner of avoiding it in the future, reference should be made to the 
preceding paragraphs of this section which treat of the same matters in detail. 


b. Alphabetical index of defects, their cause and remedy. 
ABRASION MARKS OR STREAKS. 


Cause.—Friction on the emulsion of the paper. Improper storage or handling 
of paper, 

Remedy.—Store the paper on edge and never handle it roughly. The addi- 
tion of a small amount of potassium iodide to the developer (not more than 
one-eighth of a grain to each ounce of working solution) will frequently 
eliminate these marks. 


AIR BELLS. 


Cause.—Bubbles of air forming on the surface of the print during either 
development or fixation, preventing the developer or fixing bath from reaching 
the surface of the print covered by them, with the result that no development 
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or fixation takes place and white spots are left, if the bubbles are formed in 
the developer, and discolored spots, if formed in the fixing bath. 

Remedy.—Immerse the sheet of paper in the developer in the manner 
described in paragraph 245 b. 


BAD DEFINITION IN SPOTS—BLURBRED SPOTS. 


Cause.—Negative and paper were not in perfect contact. If sufficient pres- 
sure is not placed on the movable top of the printing machine, the paper and 
negative will not be brought into perfect contact, with the result that some por- 
tions of the paper, because they are farther away from the negative than others, 
will show poor definition or be distorted. If the top is felt lined, a matting to- 
gether of the felt at a point will often be responsible for lack of contact. 

Remedy.—Renew the pad in the top of the printer, increase the pressure on 
the top when printing by pressing down more firmly, or else interposing a piece 
of thick paper or cloth material between the top and the back of sheet. In 
case of pneumatic back printers, pump more air into the pneumatic pad. 


BLISTERS. 


Cause.—Blisters are produced when water is allowed to fall directly from 
faucet on surface of the print, thus weakening and Straining the emulsion and 
forming a pocket of water between the emulsion and the paper support. If a 
print is roughly handled during the process of washing it becomes cracked and 
water may seep into these cracks or weak places in the emulsion and cause 
blisters. Again, if there is not enough acid hardener in the fixing bath it 
may cause blisters. A lack of acid hardener will allow the gelatin emulsion 
to become so soft that it is easily separated from its paper support. On the 
other hand, if there is too much acid hardener it tends to harden the emulsion 
in some spots more quickly than in others, and blisters result. Still another 
cause of blisters is too great difference between the temperature of the de- 
veloper and rinse water or fixing bath. The paper support and emulsion coat- 
ing have not exactly the same coefficient of expansion and a sudden change in 
temperature is likely to separate the emulsion from the paper and cause 
blisters. 

Remedy.—Handle and wash print properly. Prepare acid fixing bath cor- 
rectly. Keep the developer at a temperature of 70° F., and all other baths at 
approximately 65° F. 


BLURBED PRINT. 


Cause.--A print made from back of negative will be blurred. 

Remedy.—The emulsion side of the negative must always be in contact with 
the emulsion side of the paper, otherwise there is a lack of definition and a 
reversal of direction in the subject as between right and left. 


BROWN SPOTS. 


Cause.—(1) Rusty ferrotype plates, particles of rust therefrom adhering to 
the surface of the print and causing a brown stain. 

(2) Chemical dust, loose particles of chemicals flying around in the laboratory 
and settling on emulsion side of the paper. 

(3) Rusty tanks or trays. 

(4) Exhausted or oxidized developer. 

Remedy—Manner of avoidance of these defects in future work is obvious. 
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FADING TENDENCY. 


Cause—(1) Incomplete fixation, the light affecting the silver salt which 
has not been removed from the emulsion on account of incomplete fixation. 

(2) Insufficient washing, the hypo remaining in the emulsion gradually 
attacking the metallic silver image causing it to fade. This action of the hypo 
remaining in the emulsion from incomplete washing is hastened in a damp 
climate. 

Remedy. Obvious. 


FINGER MARKS. 


Cause.—(1) Wet or greasy fingers. 

(2) Hypo on fingers, the hypo reducing the silver salt in the emulsion so 
that when the paper is developed a white fingerprint will appear, as no silver 
salt remains in the emulsion at that point to be reduced to metallic silver by 
the developer. 

Remedy.—Handle negatives and unexposed paper with dry, clean hands, 
always taking great care to rinse the hands thoroughly of any fixing bath in 
which they may have come in contact. 


FLATNESS. 


Cause.—Use of wrong grade of paper for the particular negative. The print 
shows that the high lights were correctly exposed, but the shadows are gray 
and not of a good, rich black. If the shadows are properly printed, the high 
lights are overexposed and show considerable density. 

Remedy.—Change to another grade of paper that will give a different degree 
of contrast. 


Foa. 


Cause—(1) Unsafe safe light. 

(2) Light-struck paper. 

(3) Forced development resulting in a reduction of the silver salt not affected 
by the light during exposure. 

(4) Impure chenicals in the developer or an improperly prepared developer, 
causing the action of the developer to be so rapid as to produce fog, or to be so 
slow as to cause fog from prolonged development. 

Remedy.—(1) Test safe light. Do not unnecessarily expose the paper too 
Close to safe light. 

(2) Keep unexposed paper tightly boxed in presence of white light. While 
printing, screen the supply of paper away from any kind of light as much as 
possible. 

(3) Avoid wasting time by prolonging or forcing development. 

(4) Store chemicals properly, discard deteriorated chemicals, and use only 
‘chemicals of standard and known purity. Use greater care in the preparation 
of the developer. 


FREAKS. 
Cause:—Uneven development or a weak developer produces freaks. 
Remedy.—Freaks frequently occur during warm weather either when the 
developer has not been stirred before using, or when the developer is old. The 
result is an uneven development over the surface of the print and the presence 
of peculiar white or black streaks. With Velox paper the print develops irregu- 
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larly and appears to be covered with greasy streaks and finger marks giving the 
suggestion of uncoated spots. They occur in warm weather when the humidity 
is great. They may occur at any other time and are avoided usually by taking 
greater care in the preparation of the developer and using greater care in 
storage. If they persist in a correctly prepared, normal developer, increase its 
strength. 


FRILLING. 


Cause.—(1) Careless handling. 

(2) Solutions are too warm. If the solutions are too warm, or if the paper 
is handled carelessly while in a solution, the emulsion will become loosened at 
the edges of the sheet and will curl back, the effect being termed “ frilling.” 

Remedy.— Bring all solutions and baths to prescribed temperatures. Use 
greater care in the handling of the paper. See that fixing bath is in proper 
condition and contains a sufficient amount of acid hardener. 


GBAYISH OB GRANULAR APPEARANCE AT ALL THE EDGES OF THE PRINT. 


Cause.—(1) Underexposure and forced development. 

(2) Old paper. 

(3) Moisture. If the paper is packed together in block form, moisture will 
first affect the edges of the sheets before reaching their centers. 

(4) Chemical fumes. Owing to the method of packing, chemical fumes, like 
moisture, first attack the edges of the sheets of paper. 

(5) Light fog. 

(6) Insufficient amount of potassium bromide in the developer. 

Remedy.—Obvious. 


GRAYISH OB LEAD COLORED WHITES THROUGHOUT THE PRINT. 


Cause.—This is a more aggravated form of the defect described in the pre 
ceding subparagraph, as in this case the whole surface of the sheet instead of 
the edges only are affected. The causes are, therefore, the same as those 
previously listed. 

Remedy.—Obvious. 


GREENISH BROWN TONES. 


Cause.—(1) Exhausted developer. 

(2) Overexposure. 

(3) An excessive amount of potassium bromide in developer. 
Remedy.—Obvious. 


GREEN CONTRASTY PRINTS. 


Cause.—(1) Overexposure and underdevelopment. The amount of develop- 
ment must be in proportion to the amount of exposure given the print. With 
underdevelopment what should be black in the print will never become fully 
black but reach only that greenish appearance preceding the formation of black, 
which is the stage of development at which the silver salt has not been com- 
pletely reduced to metallic silver. Continuance of development would have 
produced a black tone in the print, but the print would have become too dense 
on account of the excessive amount of exposure given. Only correct exposure 
and correct development will give satisfactory results. 

(2) Too much bromide in developer. An insufficient amount of carbonate, 
or a cold or weak developer or anything that tends to retard the action of the 
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developer will produce a print like that resulting from overexposure and under- 
development. 


Remedy.—Obvious. 
MUDDY TONES. 


Cause.—(1) Overexposure and overdevelopment; the result being that the 
image is muddy and buried in an excessive amount of density. 

(2) Insufficient amount of potassium bromide in developer resulting in a 
muddy tone from too rapid development. 

(3) Dampness or exposure of paper to chemical fumes. 

Remedy.— Obvious. 


PRINTS TOO BLACK. 


Cause.—(1) Overexposure. 

(2) Overdevelopment. 

(3) Overexposure and overdevelopment. 

(4) Too little bromide in developer causing too rapid development. 


(5) Wrong grade of paper for the degree of contrast present in the negative. 
Remedy.—Obvious. 


PRINTS TOO LIGHT. 


Cause.—(1) Underexposure, underdevelopment or both, resulting in an in- 
sufficient quantity of the silver salt being reduced to metallic silver. 

(2) Wrong grade of paper. If an unsuitable grade of paper is used for 
the negative too light a tone will occu as only part of the range of the nega- 
tive will be reproduced on the paper, and if the negative is printed long 
enough to bring the shadows up to a sufficient depth the high lights will be 
entirely too dense. 


Remedy. Obvious. 
PURPLE DISCOLORATION. 


Cause.—Improper fixation. Failure to move prints during first few minutes 
in fixing bath. Not completely immersing prints in fixing bath. Allowing 
prints to float, emulsion side up, on top of the fixing bath. Such practices 
cause the developer remaining in the emulsion to continue its action and thus 
produce a purple stain. 

Remedy.—Rinse all prints quickly but thoroughly, in a plain rinsing bath, 
or else use an acidulated rinsing bath. Immerse each print completely in the 
fixing bath and keep all prints in motion for the first few minutes after they 
are transferred to this bath and always see that they remain below the surface 
of the bath, using the print paddle to weight them down. 


UNEVEN DEVELOPMENT. 


Cause.—Failure to immerse the entire coated surface of the print quickly 
ehough in the developer, therefore, allowing one portion of the print to receive 
an appreciably greater amount of development than another and consequently 
to be much darker in shade. 

Remedy.—Immerse the sheet of exposed paper fully, properly, entirely, and 
as quickly as possible in the developer. During the entire period of develop- 
ment keep the print thoroughly immersed and rock the tray continually. 
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UNEVEN FIXING. 


Cause—(1) Failure to move prints frequently enough in the fixing bath. 
thus allowing the same layer of the fixing bath to remain too long over the 
surface of the print, and permitting that portion of the bath to lose its 
strength. 

(2) Prints sticking together, thus preventing the fixing bath from reaching 
those portions of the print that are in contact with another. 

(3) Air bells forming on surface of print, the air bells preventing the fixing 
bath from reaching the portions of the print covered by them. 

Remedy—When there are a number of prints in the fixing bath, special care 
must be taken to move them about frequently enough so that the action of the 
fixing bath will be uniform and sufficient over the entire surface of each print. 
The frequent moving of the prints in the fixing bath will also break any air 
bells that may have formed on the surface of a print. 


WEAK PRINTS. 

Cause——(1) Underexposure. If the print has been underexposed it will never 
attain its proper density without incurring some other development fault from 
forced development and the print will have moreover a weak and washed out 
appearance. 

(2) Bleaching. Prints, although properly exposed and developed, will bleach 
if allowed to remain in the fixing bath too long, as a strong fixing bath will 
attack and partially reduce the metallic silver, especially that representing 
the finer detail of the print. The delicate gradation of the print, as well as 
its snap and brilliancy, are therefore destroyed by prolonged fixation usually 
resulting from the operator’s laziness as shown by failure to transfer the prints 
often enough from the fixing bath to the final washing bath. 

Remedy.—Obvious. 


WHITE DEPOSIT ON SURFACE OF PRINT. 

Cause.—The fixing bath is exhausted or incorrectly mixed with impure chemi- 
cals producing a white precipitation, commonly described as a milky condition. 
This sediment will settle on the surface of the print and remain unless swabbed 
off when washing the print. 

Remedy.—Rep!ace fixing bath by one freshly and properly prepared with pure 
chemicals. 


WRITE SPOTS ON PRINTS. 


Cause.—(1) Dirt on negative. Particles of foreign matter, such as dust on the 
negative, will prevent the light from affecting that part of the paper, so that a 
latent image will not be created immediately under such a particle, and a small 
but minute clear white spot in that part of the print will, therefore, result upon 
development of the surrounding latent image. 

(2) Dirt or dust on the plate giass top of the printer. 

(3) Air bells. Should an air bell form on the surface of the print during 
development no development will take place under the bell, and since the silver 
salt will be washed out during fixation a white spot will remain in its place. 

Remedy.—Keep printer, especially plate glass top, thoroughly clean. Before 
bringing a sheet of paper in contact with a negative, see that there is no dust 
on the negative or on the surface of the paper. Be careful during development 
to break all air bells on the surface of the print by running the finger tips 
lightly over the print white it is in the developer. 
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YELLOW STAINS. 


Cause.—(1) The fixing bath: If the fixing bath is weak the action of the 
developer will not be entirely stopped and yellow stains will appear due to the 
continued action of the developer. 

(2) Development: If the developer is weak or the print is forced in develop- 
ment, yellow oxidation stains will frequentiy be produced. 

(3) Failure to rinse the print: If prints are not rinsed between develop- 
ment, but are transferred directly from the developer to the fixing bath, yellow 
stains will frequently result from the continued action of the developer during 
the first few seconds the print is in the fixing bath. 

(4) Uncleanliness: If the paper in development is handled with unclean 
fingers, or in an unclean tray, yellow stains will occur due to impurities present 
in the tray on account of its unclean condition or impurities carried into the 
developer on the unclean hands of the operator. 

(5) Hypo earried into the developer: If hypo is carried into the developer, 
the developer is thus weakened or retarded and yellow stains similar to those 
produced by prolonged or forced development will appear. Hypo will also 
degrade the whites of the prints as well as affect the pure black and white 
results obtained by a pure developer. 

(6) Insufficient washing: If prints are not sufficiently washed yellow stains 
are likely to appear due to a continuing of the chemical action produced by the 
chemicals which have been left in the emulsion from insufficient washing. 

(7) Light: If after development is complete the print is exposed to light 
before being thoroughly fixed a continued or partial reduction of the silver salt 
present will take place, thus causing a yellow stain. 

(8) Sea air: Prolonged exposure of a print in the humid salty atmosphere 
produced by the ocean will cause yellow stains. 

Remedy. Obvious. 

251. Mosaic printing.—A photographic mosaic, to be valuable, must be sus. 
ceptible of being easily and perfectly duplicated in quantity. The method of 
duplication used is the making of photographic copies. Experience has shown 
that it is much easier to copy a mosaic composed of prints that are a little flat 
than one made of prints in which the range of tone from white to black is great. 
It is, therefore, necessary that photographs intended for mosaic making be 
printed in such a manner that when making the copy the contrast in it can be 
increased slightly over that in original mosaic and thus brought up to the nor- 
mal, desired degree. In this way perfect detail, which is necessary in all aerial 
photographs suitable for military uses, can be obtained in both high lights and 
shadows. Ordinarily it is considered somewhat difficult to match perfectly 10 
or 12 prints from the same negative. It is correspondingly more difficult to 
match prints from the hundred or more negatives on a single roll of aerial film, 
especially as some of them vary unavoidably in density and contrast. But even 
more difficult is the making of prints that will match (as will sometimes be 
necessary) from several rolls of film exposed at different times and under varied 
light conditions. Consequently, in order to avoid a patchwork effect in the 
mosaic and at the same time produce one that will show perfect details in high 
lights and shadows and will moreover be of such a tone and shade that there 
will not be a loss of detail when making the photographic copy, it is essential 
that special methods be employed in printing from mosaic negatives. 
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The tone and contrast of each mosaic print must match perfectly. While 
two prints may appear at a glance to be of exactly the same density, it will be 
found, when they are studied carefully, that one will have slightly more contrast 
than the other. This must not be if the mosaic is to be copied. The type of 
print from which the most suitable copy can be made is one that contains 
perfect detail in the high lights and has shadows that are luminous to the 
point where perfect detail can be seen in them at a glance, even though the 
objects recognized were photographed from high altitude. The shadows must 
be so transparent as not to obliterate detail. In this respect there is great 
difference between the military aerial photograph and the ordinary type of 
picture made on the ground in which the shadows merely suggest detail rather 
than show all detail clearly defined and easily recognizable. It is, therefore, 
important that the paper should be of a kind that will not yield contrasty prints 
and one in which detail in both high lights and shadows will show clearly. 
Soft papers give a better separation of tone values than the contrasty grades. 
Such papers as Rito, soft; Velox No. 1; and Azo No. 1, are in this respect 
excellent for the making of mosaic prints, because of the consequent better 
separation of tone values and reproduction of detail in the mosaic. 

No factor that may change the tone of the prints should be overlooked in 
printing mosaics. The developer should be of constant strength and preferably 
always made from the same batch of stock solution. If potassium bromide is 
added to the working solution, exactly the same amount should be added to each 
fresh trayful. Every print developed weakens the active strength of the 
developer a little and adds a minute quantity of potassium bromide to the 
solution. Therefore the developing of too many prints in the same tray or 
solution should be guarded against, the last few prints developed a few seconds 
longer than the first prints, and fresh developer substituted as often as 
necessary. 

The temperature of the solution must be proper when the first print is made 
und it must, be kept constant. If the temperature and the strength of the 
developer and amount of bromide content are identical with each batch of 
prints made, and the time of development for each print is the same, the prints 
will match satisfactorily if the exposure of each was proper. However, there 
may occur a slight difference in the tone of the prints, even under the conditions 
recited, if there was a slight variation in the contrast of the aerial negatives. 
When a print does not match the rule that should be followed is to change the 
exposure rather than the time of development in order to obtain the desired 
tone. 

If prints from more than one roll of film are to be used in one mosaic, and 
some of the negatives are found to be more contrasty than others, it may become 
necessary to resort to a different grade of paper. If another grade of paper 
is used, the amount of potassium bromide that should be present in the developer 
will have to be changed; that is, if, for instance, a change is made from & 
paper of medium contrast to a soft paper, more bromide must be used with the 
soft paper in order to secure a print identical in color with that obtained on 
the paper of medium contrast. 

A timer must be used both in exposing the prints and in developing them. 
The strength of the printing light should be so regulated that there will be no 
danger of material variations in exposure due to unavoidably unsuccessful 
attempts to make very brief exposures with a strong printing light. 
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A master or guide print should be made, fixed, and viewed in daylight. It 
should then be kept wet hanging over the hypo tray, so that a print of the 
desired color will be always available to match the new prints. Even though 
perfect timing of the exposure and development are accomplished, fluctuation 
in color of the prints is inevitable on account of slight differences in the 
contrast of the negatives. Therefore the operator must match visually each 
print with the adopted master print. 

It is impossible to prescribe the shade of color, degree of contrast, or other- 
wise exactly describe the qualities of a set of prints satisfactory for mosaic 
making. Aerial photographs made in different climates and over soils of 
varied kinds, that is, lands that drain well and those that remain wet, result 
in negatives that produce prints of somewhat varied qualities. For example, 
an aerial photographic mosaic made over western Missouri and eastern Kansas 
would show land that is well drained and that contains a great deal of light, 
sandy soil that would appear in the mosaic as great patches of almost pure 
white, and these would be contrasted with prints showing timber tracts that 
contain good detail but would be inclined to appear too dark. The difficulty 
in printing a mosaic of country having these characteristics is to hold the 
detail in the high lights. Prints of timbered and sandy areas would of neces- 
sity have to be much darker in color all over than those made over the fiat, 
artificially drained territory of eastern Illinois where the soil is black and, if 
freshly plowed, shows little detail as it reflects virtually no light. The kind 
of plate, film, or filter used has but little effect on the amount of detail it is 
possible to obtain in aerial photographs of such a territory, and consequently 
in printing mosaics of such lands comparatively fiat, light prints will be 
required in order that the detail in the shadows will not be buried in blackness. 

252. Training course.—The practical exercises in printing that follow are 
designed to illustrate the principles of printing as explained in the preceding 
paragraphs. In performing these exercises the student should combat any 
tendency toward wastefulness in the use of paper and other materials. The 
operation of the contact printer is so easy that in making trial exposures there 
is a temptation to use whole sheets of paper rather than small strips and also 
an inclination to expose another sheet of paper before the mistakes made in 
connection with the preceding one have been discovered, studied, and methods 
adopted for their avoidance. While performing this practical work, the student 
is not engaged in the production of prints in quantity and the number of 
prints made is not so important as their quality and the extent to which 
useful information about printing is extracted from each print. It is by thus 
using one print as a step to better results in the next print made that the 
real progress of the student in printing should be measured. 

253. Instruction procedure.—a. General instructions.—In each of the exer- 
cises outlined in this paragraph, each print directed to be made will be given 
an identifying number which will be placed upon the back of the print. At 
the completion of the exercise a detailed criticism of each print will be written, 
referring to the print by its identifying number. The criticism will contain 
the kind and grade of paper used, the length of exposure and development, 
temperature of solutions, and any other facts pertinent to the particular exercise 
under which the prints were made, and a full statement of how the print 
could have been improved. Careful study of paragraph 250 is necessary in 
connection with determination of defects in the prints. 
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b. Making preparations for printing—(1) See paragraphs 235 to 241, in- 
clusive. 

(2) Examine the safe light lamp to See whether it contains a suitable safe 
light; and if not, replace it by a safe light of proper kind. 

(3) Select three trays of proper size, clean them if necessary, and arrange 
them in a row in the sink, placing the first tray on the left near the safe light, 
the second tray alongside of it on the right, and the third tray alongside of the 
second on the extreme right. 

(4) Fill the third tray with acid fixing bath, the second tray with clean water 
suitable for photographic purposes; then rinse the first tray and fill it with 
developer. 

(5) Take the temperature of each of the three baths. 

(6) Place the negative to be printed in a convenient place. It should be ina 
negative preserver or envelope. 

(7) Examine the contact printer carefully and thoroughly to see that it is 
clean and in working condition in every respect. 

(8) Turn on the safe light lamp and extinguish all white lights in the 
laboratory. 

(9) Cut the seals of the box of paper and remove the photographic paper 
from its black wrapper and place this wrapper in a convenient place to one 
side for use in rewrapping the paper upon conclusion of printing. Return the 
photographic paper to its box, remove one sheet and cut it into strips, approxi- 
mately 1 by 4 inches in size. Put the strips in the box and place the cover 
over it. 

(10) Remove the negative from its envelope and lay the negative face up 
in the middle of the glass top of the printer. Study the negative and estimate 
the exposure. 

(11) Lay a strip of paper on the negative so that the emulsion side of the 
paper will be in contact with the emulsion side of the negative and so that 
the strip will cover, if possible, a section of the negative which includes the 
full range of gradation of the negative—that is, from deepest shadows to 
densest high light. 

(12) Expose the strip for the number of seconds estimated as the exposure, 
measuring the seconds exactly by a dark room clock or timer. 

(18) Develop, rinse, and place the strip in the fixing bath, and as it lies 
face up in the latter study it and reach a conclusion as to whether the exposure 
was correct. 

(14) If necessary, continue to expose and develop strips until the required 
exposure is exactly found. 

(15) When the correct exposure has been found place identifying numbers 
in pencil on three sheets of normal grade paper, full size, and make three prints. 

(16) Upon conclusion of printing return the negative to its envelope and 
repack the photographic paper in its box, using the black paper wrapper. 

(17) Restore laboratory to its original condition. 

c. Printing from normal negatives—(1) See paragraph 241 g and para- 
graphs 244 to 249, inclusive. 

(2) Select five normal negatives. Prepare mask of desired size so as to give 
white margins to the prints. 

(3) By means of test strips obtain the correct exposure for the first negative 
on paper of normal contrast and then make three perfect prints on the same 
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kind of paper, after having placed an identifying number in pencil on the back 
of each sheet. 

(4) Follow the procedure prescribed in (3) above with reference to the 
remaining four negatives. 

d. Varying the exposure.—(1) See paragraphs 244 and 245 a to d. 

(2) By means of test strips obtain the correct exposure for printing a 
normal negative on paper of normal contrast, and after having determined 
the correct exposure, place identifying numbers in pencil on the backs of 
sheets of the same kind of paper as the test strips, and make from the same 
negative on the sheets six prints, all to be fully developed, but to be exposed 
as follows: 

(a) Two sheets fully and correctly exposed. 
(b) Two sheets given half the correct exposure. 
(c) Two sheets given twice the correct exposure. 


Notr.—The value of this exercise can be derived only from careful study and comparison 
of one print with another, noting the effect of underexposure and overexposure. 


e. Varying the length of development.—(1) See paragraph 245 d and e. 
(2) By means of test strips obtain the correct exposure for a normal 
negative on paper of normal grade; having obtained the correct exposure, 
place in pencil identifying numbers on six sheets of the same kind of paper 
and make from the same negative six normal exposures. Correctly develop 
sheets 1 and 2, underdevelop sheets 3 and 4, and overdevelop sheets 5 and 6G. 

f. Varying the temperature of the developer—(1) See paragraph 245 f. 

(2) By use of test strips obtain the correct exposure for a normal negative 
on paper of normal contrast. 

(3) Place identifying numbers in pencil on the back of nine sheets of paper 
of the same kind as the test strips. 

(4) Correctly expose all nine sheets of paper. 

(5) Develop for normal length of time sheets 1, 2, and 3 in a developer 
that has been cooled, if necessary, to a temperature of 55° F. 

(G6) Develop for the normal length of time sheets 4, 5, and 6 in the developer 
after it has been warmed to the prescribed temperature of 70° I. 

(7) Develop for the normal length of time sheets 7, 8, and 9 in the developer 
after it has been further warmed to a temperature of 80° F. 

g. Printing from negatives of different densities.—(1) See paragraph 243 d. 

(2) By the use of test strips of paper of normal contrast, obtain the correct 
exposure of the first of six negatives of different densities that bear an 
identifying number or inscription. 

(3) Place an identifying number in pencil on the back of three sheets of the 
same kind of paper from which the test strips have been cut and make three 
perfect prints from the first negative. 

(4) Repeat operations 2 and 3 for each of the remaining five negatives. 

h. Printing from pyro-stained negatives.—(1) See paragraph 243 e. 

(2) By the use of test strips cut from paper of normal contrast, obtain 
the correct exposure for printing the first of six negatives consisting of three 
ot different densities and three others that appear to duplicate the first 
three in density but which are more or less stained with pyro. 

(3) With a pencil place identifying numbers on two sheets of paper of the 
same kind as the test strips and make two perfect prints from the first 
negative. 
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(4) Repeat operations 2 and 3 with respect to each of the remaining five 
negatives. 

4. Printing from negatives of different technical qualities —(1) See para- 
graph 243. 

(2) By use of test strips cut from paper of normal contrast obtain the 
correct exposure of the first of three negatives consisting of a flat negative, 
a normal negative, and a contrasty negative. 

(3) With pencil place identifying numbers on the backs of three sheets of 
paper of the same kind as the test strips and make the best print possible 
from the first negative, noting particularly the length of exposure and 
development. 

(4) Repeat operations 2 and 3 for the remaining two negatives, 

j. Printing from a normal negative on different grades of papers.—(1) See 
paragraph 242. 

(2) Provide a supply of contact printing paper in all grades of contrast 
available in the organization. 

(3) By use of test strips cut from paper of one grade obtain the correct 
exposure of a normal negative. 

(4) With pencil place identifying numbers on the backs of three sheets of 
the same grade of paper from which the test strips were cut and make three 
prints as perfect as possible. 

(5) Repeat operations 3 and 4 for each grade of paper available so as to 
produce three prints as perfect as possible from the same negative on each 
grade of paper available. 

k. Buiting paper to negatives—(1) See paragraphs 242 and 243. 

(2) Provide a supply of contact printing paper of all grades of contrast 
available in the organization. 

(3) Provide a normal negative, a flat negative, and a contrasty negative. 

(4) By the use of test strips cut from paper of all grades of contrast 
available, obtain the correct exposure for the first negative and, if possible, 
decide from the strips which is the most suitable grade of paper on which the 
prints should be made, and with pencil place an identifying number on the 
back of three sheets of paper of the grade selected and make three prints as 
nearly perfect as possible on such paper. 

(5) Repeat operations 3 and 4 for each of the two remaining negatives. 

l. Printing from uneven negatives.—(1) See paragraph 244 b. 

(2) By the use of test strips cut from paper of suitable grade obtain the 
correct exposure, and decide the proper grade of paper to use for making a 
print as nearly perfect as possible from the first of five negatives which are 
uneven in density throughout and which vary in technical qualities, some being 
flat and others contrasty and normal. 

(3) With pencil, place an identifying number on three sheets of the kind 
of paper decided to be used and make three prints from the first negative, 
resorting to dodging to the extent thought necessary to even the strength of 
the light passing through the negatives. 

(4) Repeat operations 2 and 3 for each of the four remaining negatives. 

m. Adding potassium bromide to the developer.—(1) See paragraph 245 0. 

(2) By the use of test strips cut from paper of normal contrast obtain the 
correct printing time of a normal negative and make a perfect print on the 
same kind of paper. 
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(3) With a pencil place identifying numbers on the backs of nine sheets 
of normal paper of the kind from which the test strips used were cut and 
expose all nine sheets fully and correctly. 

(4) Develop the nine sheets as follows: 

(a) Sheets 1, 2, and 3 in a developer that does not contain any po- 
tassium bromide. 

(b) Sheets 4, 5, and 6 in the same developer after the normal quantity 
of potassium bromide has been added. 

(c) Sheets 7, 8, and 9 in the same developer after the quantity of 
bromide has been doubled for sheet 7, tripled for sheet 8, and 
quadrupled for sheet 9. 

n. Making mosaic prints.—(1) See paragraph 251. 

(2) By the use of test strips obtain the correct printing time of five ver- 
tical overlapping aerial negatives. 

(3) Having obtained the printing time of each negative and decided upon 
the grade of paper to be used, place identifying numbers on the backs of 10 
sheets of the paper decided upon and on this paper make 2 prints from each 
negative that will all be of exactly the same tone. This tone should be a soft 
gray of a kind in which detail can be discerned in shadows as well as high 
lights. It is obtained by underexposure but full development. 

0. Making mosaic prints on different grades of paper.—(1) See paragraph 
245 0. 

(2) By the use of test strips obtain the correct printing time of a flat 
vertical aerial negative for making prints on paper of hard contrast and 
after placing identifying numbers on the backs of three sheets of such paper 
make three prints on the paper that will match in color and tone. 

(3) Repeat operation 2, making three prints on soft paper from a con- 
trasty vertical aerial negative so that the prints will match each other in 
color and tone and also match the first three made. In order to make prints 
on soft paper match the tone of those on hard paper it will be found necessary 
to add potassium bromide to the developer. 

Norn.—If no aerial negatives are available for the work outlined in n and o above, any 


negatives which are similar to aerial negatives in density and contrast may be 
substituted. 
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254. Scope.—The term “ photographic finishing,’ as ordinarily understood, 
embraces that work required in the production of the photograph which follows 
the making of the exposure. The title of this section, however, is used in a 
more restricted sense. The words “print finishing,’ meaning the work done 
in connection with a print after it has been made and before its delivery, indi- 
cate the scope of this section but do not describe it. The term “ photographic 
finishing ” as herein used is intended to include two phases of the photographic 
cycle as follows: First, the one which begins with the final washing of the 
negative and continues until the negative is ready for printing; and second, 
the other which extends from the final washing of the print to its delivery 
in a form best suited to the purpose for which it was made. In short, this 
section attempts the description of the work of a finishing laboratory as such a 
department is ordinarily conducted, and in so far as the work is applicable 
in military photography. 

Although the final washing and drying of negatives and prints have been 
treated to a limited extent in other sections of this manual and these operations 
are sometimes performed in the laboratories especially adapted to these photo- 
graphic processes, it is commonly the practice to do such work in these special 
laboratories only when the amount of it is small, and when large numbers of 
negatives and prints are made to transfer these final operations in negative 
making and printing to the finishing laboratory, because it is better designed 
and equipped for quantity production. 

Specifically, then, this section will include, in addition to the final washing 
and drying of negatives and prints, the necessary instructions for improving 
the negative and making it ready for printing, and likewise methods for im- 
proving the print and making it more suitable for its intended purpose by such 
work as glazing or ferrotyping, backing, trimming, and mounting. 

In studying this section the student should bear in mind the importance of 
craftsmanship in the production of the photograph and the necessity of always 
delivering pictures that will exhibit good workmanship. A negative and a 
print made therefrom may be technically perfect according to photographic 
standards. But this is not enough. The condition in which the print is 
delivered must not be overlooked as it affects the judgment of the public as to 
the success of the photograph. 

295. The finishing laboratory.—a. Arrangement and equipment.—The fin- 
ishing laboratory of any photographie organization should be located in prox- 
imity to the negative making, printing, and enlarging laboratories in order 
that the work from the latter may flow uninterruptedly into the former and 
thus effect economy of time and labor. The connection of the finishing labora- 
tory with the other laboratories by light traps that permit personnel to pass 
negatives and prints directly to the finishing laboratory is an excellent feature 
in construction. The size and arrangement of the finishing laboratory, as well 
as the equipment it should contain, depend upon the kind and quantity of 
photographic work done by the organization. All finishing laboratories should 
be large, airy, and well-lighted. The kinds of finishing work are of such 
diverse nature that an attempt to save space in the finishing room may result 
in the serious interference of one kind of work with another, as for instance 
the washing of prints or negatives in close proximity to the spotting of prints. 
The first kind of work calls for sinks and a plentiful use of water and the 
second for an abundance of light and the taking of precautions against the 
splashing of water. 
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However, in order that a concrete idea may be formed of the requirements 
of a finishing laboratory, one will be imagined that is arranged and equipped 
to do all the various kinds of work hereinafter described in this section in 
an amount ordinarily required of an Air Corps photographic section. The 
equipment and fixtures that should be in a finishing laboratory of this kind 
comprise washing sinks; washing apparatus for negatives and prints; work 
benches (preferably in the form of counters or cabinets with suitably covered 
flat tops for various kinds of work and drawers and compartments underneath 
for the storage of materials and accessories that should be conveniently at 
hand) ; negative drying cupboards; wires or other means for holding clips used 
in suspending negatives or prints during drying; print drying stretchers and 
racks therefor; print drying machines; ferrotype plate cabinets; dry mounting 
presses; tables; print trimmers; and, if the counter form of cabinet is not 
used, shelves or wall cabinets to hold small accessories such as retouching 
desks; squeegees, tacking irons, print rollers, and such supplies as absorbent 
cotton, chamois skins, photographic blotters, mounts, negative preservers, ad- 
hesives, dry mounting tissue, ferrotype plates and ferrotype plate polish. 
Generally speaking, the equipment enumerated should be of the best quality 
and kept clean and in good condition. The workbenches, sinks, tables, and 
trimmers should be covered or coated with a material that can be washed 
or on which cleaning compounds can be used without injuring the surface. 
The use of paints and varnishes should be avoided in this laboratory as they 
tend to spoil the photographic papers that come in contact with them. The 
equipment and fixtures should be arranged so that all kinds of finishing work 
can be carried on at once without loss of time on the part of the personnel 
engaged. The sink should be near the light traps connecting the finishing 
laboratory with the negative making, printing, and enlarging laboratories, or 
if the finishing laboratory does not adjoin these other laboratories so as to 
make the use of light traps possible, the sink should be near the exit of these 
laboratories, or at least nearest the point from which the work done in these 
laboratories comes into the finishing laboratory. (See fig. 52.) 

b. Systematic operation—(1) Personnel.—Unless the finishing laboratory is 
properly located, arranged, and equipped, as well as systematically operated, 
it will be productive of a greater loss of time than any other department in the 
photographie organization. The ideal is attained when the work is advanced 
step by step without loss of time until it arrives at the point of distribution. 
The finishing laboratory should be arranged so that one man can work without 
dificulty or a number of men can be employed in all the various kinds of work 
connected with finishing without interfering with one another. If a great 
volume of work is coming through the finishing laboratory one or more men 
should be assigned to each job. For instance, one should be washing prints; 
another placing them on ferrotype plates, or on the drying stretchers; another 
sorting; and still another trimming; and so on. On the other hand, when 
only a small amount of work is coming through the laboratory, it should be 
possible for one man or a few men to Start at the initial work of washing and 
carry the work through to the point of distribution. 

(2) Numbering orders.—All photographie work that enters the finishing 
laboratory should have a job ticket or work order accompanying it. This au- 
thority should be filed at a desk maintained for that purpose and bear an 
identifying serial number, which should be carried through until the work is 
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finished. When complete, a job should be checked to see that all prints, plates, 
or other products called for have been made and that the workmanship through- 
out has been up to the required standard. 

(3) Numbering negatives and prints.——Small numbers should be placed in 
pencil in the margin on the emulsion side of each negative before it is developed 
in the negative-making laboratory. Cut-film negatives should be numbered in 
the corner where the notches in the edge appear so that by the use of a certain 
place for the number it can easily be found without loss of time. Prints 
should be numbered lightly in pencil on the back, care being taken to use a 
pencil that is soft and is not pointed or hard enough to leave an impression on 
the emulsion side. It will often be necessary to caution the men engaged in 
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FIGURE 52.—The finishing laboratory 


printing to see that in every instance they place on the back of the print the 
letters or numbers that appear on the emulsion side of the negative, as there 
probably will be a tendency for them to omit this method of identification. As 
speed in sorting can best be accomplished when the prints are sorted face down, 
it is necessary that every print have a legible number on its back. 

c. Quantity production.—There are times when every photographie organi- 
zation will be called upon to produce large quantities of prints in the shortest 
space of time possible. Success in this regard depends upon the proper location, 
arrangement, equipment, and operation of the finishing laboratory as well as 
putting into practice the general principles stated in the preceding subpara- 
graphs. Success in the quantity production of prints also depends upon the 
arrangement of the equipment and operation of the printing laboratory. The 
problem, so far as printing operations are concerned, is in the first instance 
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one of teamwork or proper organization, and in the second, arrangement of 
apparatus and facilities. The other factors, the existence of which is taken 
for granted, are skill of personnel, suitable negatives, and a sufficient supply 
of paper materials. The arrangement of apparatus and laboratory facilities 
should be such as to permit a continuous flow of work with as little physical 
exertion as possible. In other words, the necessary laboratory facilities should 
be arranged in an order corresponding to the printing operations and be placed 
close enough together to avoid the waste of the time of personnel. Even the 
exposure or printing time required by a negative is an important consideration 
when hundreds or thousands of prints must be made from it. While it is 
the belief of some that the best print on chloride paper should require an 
exposure of at least 10 seconds, such a printing time would be too long during 
military operations, and therefore the candlepower of the electric lamps used 
in the printer must be increased so as to reduce the exposure to not more 
than 5 seconds. Such a rapid exposure not only calls for constancy in the 
strength of the electric current but skill on the part of the man printing, 
especially in judging the negatives and in operating the printing machines. 
The convenient arrangement of negatives and location of the supply of paper 
are important considerations when attempts are made to save the time of the 
men printing. Sufficiency of personnel and proper organization are additional 
factors. For each printing machine there should be a crew of four men, 
assigned an operation as follows: One printing, one developing, one rinsing 
and fixing, and one washing and drying. With such a crew, properly placed, 
and with apparatus conveniently arranged, wasted effort and loss of time in 
the performance of any detailed work required in the printing operations will 
be kept down to the absolute minimum. 

256. Final washing of negatives.—a. In trays.—The washing of negatives 
in trays is time consuming and is practiced only in the case of a small amount 
of work. The general rule is that the negative should pass through 12 changes 
of water, staying in each 5 minutes. In warm weather, however, the frequent 
handling of negatives required by this method of washing is productive of 
“frilling ” and similar injuries to the emulsion. 

b. Special apparatus—Glass negatives that have been developed in a closed 
tank should be kept in the developing cage for final washing. The cage, 
containing the dozen negatives, should be placed in a container into which, 
preferably, the water enters at the bottom and flows out over the top. This 
is the principle of the washing box and should be applied to homemade washing 
boxes or containers as well as to the compartments in the sink designed for 
the washing of negatives. The boxes and compartments also should be fitted 
with grooves into which the glass negatives may be put or they should be 
designed to take racks in which such negatives can be held. Glass negatives 
that have been developed in core racks and cut films that have been developed 
in film developing hangers should be kept in such racks or hangers during 
final washing, the plate or film being suspended in the washing box or compart- 
ment by resting it on the projecting ends of the rack or hanger. In this 
connection see paragraph 217 l. 

257. Drying negatives.—a. Simplest method.—The simplest method of dry- 
ing negatives is described in paragraph 217 1. In addition to the information 
contained therein the student should be familiar with the details of this opera- 
tion as in the cases of the various types of negatives, Ordinarily negatives 
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will be in the form of glass plates, film packs, and cut films. For drying, the 
glass negative should be removed from the cage or rack in which it has been 
developed and placed in a special negative drying rack or holder. Cut films 
developed in special developing hangers may be suspended in such hangers for 
drying. The number of the work order may be attached by a small clip to 
the plate negative drying rack or to the film-developing hanger. The separate 
films from film packs will be found more difficult to handle in the drying room 
than any other type of negative, in that they require a comparatively larger 
area of drying space than other kinds of negatives unless the film has been 
developed by the tank method. When possible it is best to have film clips at- 
tached to wires strung overhead, with at least a dozen clips to a wire and keep 
the orders separate in this way. 

b. Use of drying cupboard.—A specially made drying cupboard is a great 
convenience when large numbers of negatives are made; not only is the spon- 
taneous drying of the negative expedited but the other condition requisites are 
readily obtained, such as uniformity of temperature and protection from dust. 
Figure 44 shows a type of negative drying cupboard, which is equally suitable 
for drying prints on ferrotype plates. 

ce. Use of alcohol.—As alcohol evaporates rapidly this property is utilized 
in drying glass (not film) negatives by immersing the negatives in alcohol, 
after the surplus water has been drained off, and then placing them on a nega- 
tive drying rack in a current of warm air. A negative should be allowed to 
remain in the alcohol long enough for it to thoroughly permeate the gelatin 
coating, thus replacing to as great an extent as possible the water remaining 
in the coating from final washing. The speed with which a negative thus 
treated will dry depends upon the percentage of water in the alcohol, as water 
is added with each negative immersed, and also depends upon the temperature 
and kind of current of air in which the negative is afterwards placed. A hot 
blast must not be used if the melting of the emulsion is to be avoided. If a 
negative has not been sufficiently fixed, it will assume, when immersed in 
alcohol, an opal-like or whitish appearance called opalescence. The removal 
of this requires the return of the negative to the fixing bath for further and 
more thorough fixation. 

d. Use of formalin—As alcohol is a solvent of the celluloid support of a 
film negative, it should not be used to expedite the drying of such a negative. 
It has been found, however, that if after final washing a film negative is 
immersed in a solution of the usual strength of formaldehyde, or formalin, 
namely, 40 per cent, for approximately 5 minutes and the negative after such 
treatment is held in a current of air that is of as high a temperature as is 
consistent with the prevention of ignition of the celluloid base or its injury or 
deterioration, drying can be greatly hastened. In practice, therefore, the 
negative is suspended in a current of air produced by an electric fan and 
brought to high temperature by being passed over an electric heating unit. 

258. Improving negatives.—a. Spotting.—The term “ spotting” is used to 
include the most common method employed in improving a negative, namely, the 
application of color to it for the purpose of hiding a defect. The student soon 
learns that however much care may be exercised in loading a film or plate 
holder and in the use of a camera, some particles of dust or foreign matter will 
find their way to the surface of the film or plate and cause a clear, transparent 
spot known as a “pinhole.” Often this will be in a conspicuous part of the 
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picture and this will require its obliteration. To do this, water color or the like 
is applied to the negative, a fine-pointed brush being found most suitable for 
pinholes and a larger brush for larger defects. For the water color, sable-hair 
brushes are excellent. The directions for spotting are as follows: Place the 
brushes in a glass of cold water and take each one out as required. Rest the 
length of the hairs on a bit of clean blotting paper, and rotate the brush be- 
tween the fingers so that most of the water is absorbed, and then lift the color 
that is to be applied on the extreme point of the brush with a side movement, 
and when doing so, turn the brush between the fingers. Never force the point 
of the brush into the paint. With the brush thus charged with color and not too 
wet, lightly touch the center of the pinhole, holding the brush almost vertical and 
allowing the point of it to remain in contact for a brief while. One touch of this 
kind, skillfully applied, should cover an ordinary pinhole. When the spot is 
larger, a slight movement of the point may be necessary, as well as further 
applications of color, but each additional application should be made over the 
previous attempt only after it has been dried. Water-color paints of any dark- 
opaque color are suitable or photographic opaque may be used. In this connec- 
tion read paragraph 134, concerning the blocking out of negatives, for additional 
detailed instructions which are also applicable to spotting. 

b. Retouching.—Retouching is ordinarily the application of pencil marks to 
a negative to build up its density in areas and the reduction of excessively 
dense portions by the scraping action of an etching or other suitable type of 
knife. Almost every portrait negative is retouched if only to remove lines in 
the face of the sitter, the conspicuousness of which the lens seems to exaggerate. 
There are other means of improving negatives, which are usually described 
under the term “ retouching.” The whole subject, however, is comprehensive and 
somewhat beyond the scope of military photography. Those possessing some 
talent for drawing, which is to an extent an advantage if not a requirement in 
successful retouching, may find in any photographic library a variety of treatises 
on this rather large subject. 

c. Masking.—tThe production of a white border of any desired width around 
a print is accomplished by masking the negative in the manner described in 
paragraph 241 g. 

259. Final washing of prints.—a. In tray—The washing of prints is the 
subject matter of paragraph 248, to which reference should be made. The tray 
method, which is recommended in the case of larger prints, is similar to the 
tray method used in washing negatives, namely, the water in the tray is changed 
often enough to remove all remnants of the fixing bath from the print. The 
washing rule for single-weight papers is that each print shall be soaked for 
5 minutes in 12 complete changes of water, while the washing rule for double- 
weight papers is that each print shall be soaked for 10 minutes in 12 complete 
changes of water. The best way to wash the large-size prints in trays is to take 
two trays considerably larger than the size of the print to be washed and change 
the prints from one tray to the other by carefully slipping one print at a time 
from one tray to the other, letting the water run off slowly all the while. If the 
water is not perfectly clear, large prints, especially if on rough-surface paper, 
should be sponged on both sides with a tuft of cotton or an elephant-car sponge. 
When washing prints the operator should endeavor to keep all prints made by 
one person, or belonging to the same order, together, in order to save time in 
sorting when they are dried. 
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b Special apparatus.—The tediousness of washing prints in trays is almost 
unbearable in the case of large numbers of prints, and in response to the conse- 
quent general demand special print washing apparatus of various types have 
been devised and are being marketed. These are described in detail in paragraph 
2480. In washing, prints should be kept separate according to size; that is, 
prints 8 by 10 inches and under should form one class and larger prints another- 
The smaller contact prints may be successfully washed in running water and 
the only attention they require is to see that they do not stick together. Wash- 
ing for an hour in running water is considered sufficient. Larger prints—that 
is, enlargements 11 by 14 inches and larger—should always be washed in a 
tray, as it is impossible to wash prints of these sizes in the ordinary washing 
machine or in a sink improvised for print washing without the prints either 
sticking together, wrinkling, or the emulsion breaking. Once the emulsion of a 
print is cracked the break will always show, even though the print was wet 
when broken. 

260. Drying prints.—a. Simplest method.——The simplest method of drying a 
print, which contemplates the laying of the thoroughly washed print on a cloth 
covered stretcher to dry spontaneously, is fully described in paragraph 249. 
The result, when this method is followed, is a crisp print that has a strong 
tendency to curl. If it has been made on a glossy surfaced paper and a slightly 
excessive amount of hardener was used in the fixing bath, and if, moreover, 
the temperature of the finishing laboratory was above ordinary room tempera- 
ture and the place quite dry, the crispness will be present to the extent of 
brittleness, with an inclination to crack, thus making it easy to injure the 
print in ordinary handling. Such an objectional condition in which a print 
dries when this method is followed makes the use of expedients to produce a 
flat, flexible print necessary. These expedients are— 


The use of a glycerine bath. 
Sponging and the use of blotters. 
Coating the back with gelatin. 
Straightening the print. 


(1) The use of the glycerine bath—To give flexibility to the print and over- 
come brittleness as well as some of the tendency to curl, a glycerine bath may 
be used after completion of final washing. This is composed of 1 part glycerine 
to from 5 to 10 parts of water. The print should be allowed to remain in this 
bath until the solution has thoroughly permeated the gelatin coating, which usu- 
ally requires at least 5 minutes, and then, without further washing, placed upon 
the drying screen. 

(2) Sponging and use of blotters—Whether a glycerine bath has been used 
or not, it is always advisable while prints are on the stretchers and before they 
are thoroughly dry to sponge the backs of them lightly with water or alcohol and 
lay a blotter on them. Even when the glycerine bath has not been used, this 
sponging, combined with the use of blotters, will aid greatly in drying the prints 
flat. 

At this point it is appropriate to admonish that the serviceability of the blot- 
ters used extensively in print flinishing is greatly increased by keeping them 
dry as much as possible. After each time they are wetted they should be spread 
out to dry before they are again used. Commercial blotters are ordinarily un- 
suitable for photographic purposes, as they invariably contain chemicals that 
have a bleaching action on the print. Colored blotters are likewise unsuitable 
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xecause of the likelihood of the color being transferred to the print. A white, 
chemically pure blotter is supplied for photographic purposes, and this is the 
kind that should always be used in photographic work. 

(3) Coating the back with gelatin—The pull of the face of a print which 
causes it to curl, due to the drying action of the gelatin in the emulsion, can 
be counteracted by coating the back of the print with a solution of gelatin. 
This is the underlying principle of so-called noncurling film. The coating mix- 
ture is prepared by dissolving from 20 to 40 grains of gelatin in each ounce of 
hot water required, the exact amount of gelatin depending upon the degree of 
curling tendency desired to be offset. 

(4) Straightening prints—The curl of a print may be removed by the 
scraping effect of a straightedged ruler, the procedure being to lay the print 
face down on a hard, clean surface and draw it between the surface and the 
straight edge while it is held in close contact with the surface. A special 
machine for doing this has been recently placed on the market. It consists 
of an endless webbed belt that passes over a small highly polished rod which 
forms a second roller for the belt, and is placed at an acute angle with reference 
to the first and second rollers. This belt is driven by a small electric motor. 
The print is rapidly guided into the V-shaped trough made by the belt and 
rollers, and in passing through and under the polished rod the same amount 
of bending backwards is produced as when a straightedge is used in the manner 
already described, but with this advantage in favor of the machine, that there 
is no damage to the fiber of the paper support from the scraping of the ruler. 

b. Ferrotyping.—Glazing or ferrotyping a print is fully described in paragraph 
261 As in this process prints are transferred directly from final washing to 
the ferrotype plates, ferrotyping is one of the methods of drying as well as a 
means of imparting an extraordinarily high gloss to the surface of an already 
glossy surfaced print. 

c. Use of alcohol.—Alcohol is employed in connection with the drying of 
prints for the same reasons and in a manner similar to that described for its 
use in the rapid drying of negatives. The print is immersed in alcohol after 
the surplus water has been removed by thorough squeegeeing. It should be 
allowed to remain in the alcohol until it has become translucent; that is, until 
the outline of the image may be seen through the back of the print. This 
requires from 2 to 5 minutes and depends upon the quantity of water in the 
alcohol and upon the nature of the print emulsion and the thickness of the 
paper stock. When the print has become translucent it is held over the tray - 
and the surplus alcohol allowed to drain from it. It is then placed between 

blotters and afterwards transferred face down to a drying stretcher. 

d. The “burning off’? method.—When alcohol is used to hasten the drying of 
prints it can be burned off the surface of the print more quickly than it will 
evaporate spontaneously. To do this, wash the prints thoroughly, squeegee 
to remove all surplus water, and place in a tray of alcohol for a few seconds 
only. Allow the alcohol to drain from the print and then carry it to a safe 
distance from the tray of alcohol and away from film negatives, celluloid or 
cther highly combustible materials, and while holding the print by one corner 
ignite it at the farthest corner and allow the alcohol to burn from the surface of 
the print, changing corners quickly and often enough to protect the hands. The 
alcohol in the process of burning will dry the print. When following this 
method of drying, the print should not be allowed to remain in the alcohol long 
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enough for it to soak into the paper, for then the whole print will burn. In 
fact, the beginner will probably burn several prints before the requisite knack 
has been acquired, as some practice is necessary before this method of rapid 
drying can be successfully employed. The “burning off” method of drying is 
used only in war-time emergencies when prints, regardless of appearance, must 
be delivered immediately. This method is not satisfactory when prints have 
been made on double-weight paper. 

ce. Print-drying machines.—Figure 53 shows a common type of print-drying 
machine. It consists of a revolving drum containing a gas or electric heating 





FIGURE 53.—<A print-drying machine 


element and an endless canvas or fabric apron or belt that travels around the 
drum at a slow speed. The prints are placed on the apron face down, and they 
are carried on it around and in contact with the heated drum until finally they 
are dropped into a receiving tray fully dry. A fairly good glossy surface can 
be retained on prints on glossy paper when they are dried in this machine. 
To prevent prints from sticking to the drum, which those on glossy paper 
especially are prone to do, the drum must not be too cold and the emulsion of 
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the prints should have been sufficiently hardened in the fixing bath. A double 
quantity of the hardener called for by the formula appearing in paragraph 197 
should be used for this purpose, and the final washing should not be prolonged 
so as to overcome the hardening action of the fixing bath, but unless prints are 
thoroughly washed blisters may form on them while they are passing through 
the drying machine. The heat used in hastening the drying in this apparatus 
slightly darkens the color of the prints dried by the machine. Single-weight 
paper of matte, or any other surface except glossy, can be dried in this manner 
without difficulty. Double-weight paper does not dry so well in the machines 
as single-weight paper because the heat required to dry the thicker paper stock 
causes the emulsion of the print to become brittle and easily broken. The 
most’ satisfactory method of drying prints on double-weight rough surface 
paper is that described in @ above. 

The drying machine is not suitable for drying prints intended to be assem- 
bled in the form of mosaics, because in passing through the machine the 
prints are stretched, the surface made too brittle for use in mosaic making, 
and the color or tone of the print slightly darkened. 

Complete instructions for the installation and use of drying machines of 
this type are attached to the machine when delivered by the manufacturer. 
The following fire precautions in these instructions, however, are repeated 
and emphasized : 

Keep the motor revolving and the apron and drum running whenever the 
heat is turned on in the drum. 

After turning off the heat, run the motor a sufficient length of time so that 
the drum may be cooled off, and the apron will not burn. 

261, Ferrotyping.—a. De/finition.—Ferrotyping or glazing is a process for 
increasing the luster of a glossy surfaced print. The result is that the fine 
detail in the print is made to stand out more clearly and consequently renders 
the print more suitable for halftone reproduction and similar photomechanical 
processes. In fact, it is required that all photographs intended for photo- 
mechanical reproduction and publication in newspapers, magazines, and books 
be ferrotyped. 

b. Technique.—To impart the extraordinary high gloss to the print by means 
of this process, ferrotype plates or tins are used. These are made of sheet 
metal that has been heavily coated on one side with a hard, smooth, glossy, 
black enamel that has been thoroughly baked on the plate. It is essential 
that the plates be kept clean and always handled so as not to scratch or 
otherwise injure the enameled surface. These plates are furnished in sizes 
large enough to hold as many as four 8 by 10 inch prints, which are squeegeed 
to the enameled side of the plate and left in contact until dry. The contact 
of the print with this surface hardens the gelatin coating by forcing the gelatin 
fibers more closely together, thus heightening the gloss. When dry the prints 
should drop off the plates. Prints to be ferrotyped should be properly hardened 
in the fixing bath and then allowed to remain in the final washing bath only 
for the normal length of time. Upon completion of final washing, the steps in 
ferrotyping are performed as follows: 

(1) Clean the ferrotype plate with hot water each time it is used. Polish 
with a soft cloth until the plate is entirely free from dirt of any description. 
Swab with a tuft of raw cotton that has been dipped into the ferrotype polish 
made according to the formula appearing in paragraph 211. Rub dry with a 
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clean cloth and polish with a soft cloth. Very little solution is necessary. 
Polish until all visible traces of the solution disappear. In addition to the 
solution mentioned, it has been found that Castile soap is excellent for the pur- 
pose. <A thin suds of Castile soap and warm water is prepared in a large tray, 
and the ferrotype plates placed therein and cleansed with a large sponge. They 
are then removed and rinsed, without rubbing, in clear water, and the prints 
can then be placed on them. This method will be found preferable when a 
large number of prints are to be ferrotyped. If handwork, such as marking, 
spotting, or coloring with water or oil paints (see par. 266), is to be done on 
ferrotyped prints, or if they are to be used for plate marking or for engraving, 
the soap can be readily removed and the color will then adhere to the print. 
However, if the paraffin polish has been used in ferrotyping, it will be impossible 
to make any water medium adhere to its waxed surface. Plate glass may be 
used instead of ferrotype plates if the glass has not been cleaned with a powder 
or cleaning compound that has scratched its surface. In cleaning and polishing 
a glass plate, more polishing solution nrust be used, as the surface of the glass 
is more porous than that of the ferrotype plates, and the pores must be filled 
completely with the polish to prevent the print from sticking. 

(2) When ready to ferrotype a print, dip the plate into water to remove dust 
and lint. 

(3) Lay the wet print, face down, on the ferrotype plate, holding it by the 
two diagonally opposite corners so as to form a loop. Bring the bottom of the 
loop in contact with the plate and then lower each corner until the print lies 
completely on the plate. Squeegee the surplus water from the tin, using a 
flat rubber squeegee and roll the print into contact with a print roller, made 
for the purpose, first laying a blotter over the print to absorb the surplus 
water. The print must be in perfect contact to produce a uniform glossy sur- 
face. The pressure on the roller should be just sufficient to exclude any air 
bells that may form between the print and the plate, as heavy pressure is likely 
to make the prints stick in spots. In rolling, work from the center of the print 
toward the edges. If a quantity of prints are to be made, the tins can be run 
through a wringer, thus saving the labor of squeegeeing and rolling, and also 
saving many blotters, as blotters are unnecessary when the wringer is employed. 
The print wringer is an adaptation of the ordinary type of clothes wringer. 
However, when it iS used great care must be taken to see that it does not exert 
too much pressure. A set screw on each side of the upper roller can be used 
to control the pressure required. Also, in passing the plates and prints through 
the wringer care must be taken to see that the roller does not wrinkle the 
prints. After squeegeeing or passing through the wringer, place the plate with 
prints attached to dry. The drying cabinet shown in Figure 44 is designed for 
use in ferrotyping. 

(4) If the foregoing directions have been strictly complied with, the print 
will completely separate itself from the plate when it becomes bone dry. To 
remove a print from the plate that does not loosen and fall off, slip a piece of 
old film from a film pack under the edge of the print. This piece of celluloid 
will not scratch the tin. It is, therefore, preferable to the use of the finger 
nail. A knife blade should never be used. 

(5) If the ferrotyped prints are to be trimmed, it should be done im- 
mediately after they leave the plates, and after trimming they should be 
placed under pressure. Any tendency of the prints to curl may be greatly 
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lessened by dampening the backs of them with alcohol and placing between 
blotters. Mosaic prints or copies of mosaics should not be ferrotyped, as 
distortion may result. 

c. Dificulties—Almost the only difficulty that may be encountered in 
ferrotyping, assuming a reasonable amount of care is exercised, is the ad- 
herence of the prints to the plates. This difficulty may not be due to any 
fault of the operator, but solely to the character of the gelatin used by the 
manufacturer of the paper. The remedy is to make better adjustment of 
the strength of the hardener in the fixing bath to the kind of paper used. 
If this fails a special antisticking bath may be used as a last resort. This 
bath is composed of the following: Prepared ox gall, one-fourth ounce; 
formalin, 2 drams; water, 20 ounces. After final washing, prints are soaked 
in this bath for at least three minutes and transferred directly without 
further washing to the ferrotype plates. The common cause of the sticking 
of prints to the plates is insufficient hardening in the fixing bath; washing 
in water that was too warm or for too long a period; attempting to hasten 
the drying of the prints on the ferrotype plates by the use of too much heat 
or failure to lubricate the plates sufficiently. It is never advisable to dry 
ferrotyped prints too rapidly, as this will promote uneven drying; that is, a 
portion of the print will leave the plate before the rest of the print is dry 
and such a print will not lie flat, but will probably have to be ferrotyped a 
second time. 

262. Backing prints.—a. Purpose.—Prints are backed with cloth usually, 
for the purpose of better preserving them or to fasten them as pages in a 
Suitable cover and thus form an album. Sometimes prints are backed with 
paper to make them lie flat. 

b. Backing with muslin—If the backed print is not to form a page of an 
album, the print alone is backed. If the contrary is the desire, the print 
and a piece of suitable paper called the hinge are mounted on the same piece 
of cloth with proper separation between the hinge and the print. Upon 
completion of mounting, this hinge is punched to facilitate the fastening of 
the page in a loose-leaf or other style of binder. The strip for the hinge of 
& by 10 inch prints should be 1144 inches wide by 814 inches in length and of 
paper of the same weight and thickness as the paper used in making the 
prints. lf the hinges are cut from the same paper that is used to make the 
prints, they should be fixed and washed in the same manner as the prints. 
If plain paper is used, a good tough kind should be chosen and the strips 
placed in water and blotted fairly dry just before use. Old prints can also 
be cut up and used for this purpose. 

It will be found more difficult to back rough or matte surface prints than 
glossy ones. The attempt should never be made to back any kind of prints 
with a piece of cloth of the same size as the print. It must always be at least 
an inch larger all around than the print to be backed. Any good grade of 
bleached muslin is suitable for backing a print together with its hinge. The 
material should be firm rather than fine. It is first cut a little larger than the 
print and the hinge and then wet thoroughly and covered with a flexible paste. 
The muslin in this state is brought in contact with the back of the print and 
hinge (placed with a little separation from the print) as both print and hinge 
lie upon a ferrotype plate. Bring the cloth, print, and hinge properly into 
contact, then roll down with a print roller and allow the print to dry slowly, 
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as the hastening of drying by means of heat or a fan is likely to make the print 
dry too fast at the edges and prevent it from leaving the ferrotype plate evenly. 
It is also best to dry the print flat, because if the plate is stood on edge the top 
of the print will dry first. The advantage of having the cloth a little larger 
than the print is the sticking of the ends of the cloth to the tin, which thus 
forms a binder that holds the print until it is thoroughly dry. 

c. Backing with special photo cloth.—To furnish cloth most suitable for the 
backing of photographs, a number of manufacturers are offering so-called 
“photo cloth” under various names. This special photo cloth is usually a pre- 
pared fabric that requires no paste. It is furnished in standard-size sheets, thus 
eliminating the waste and expense of cutting and the slow and messy operation 
of pasting. Prints backed with the materials are flexible yet firm, and will not 
curl or fray. The directions for use are simple. After the print is thoroughly 
washed and placed face down on the ferrotype plate, but not squeegeed, a dry 
sheet of the photo cloth, adhesive side down, is placed on the print; then a wet 
sponge is run over the back of the cloth, and afterwards a flat hand squeegee 
or wringer is used to remove all surplus water. The cloth and print are left 
on the ferrotype plate until dry. The instructions in 6 above concerning hinges 
should be followed if the print backed with the special photo cloth is to form a 
page in an album. 

d. Backing with paper.—Occasionally it may be desired to back a print with 
linen paper. To do this the print is dried between blotters and lightweight 
linen paper cut to the required size, wet, paste applied, and then placed in 
position on the back of the dry print, blotters laid on top, and paper and the 
print brought in perfect contact by the application of a print roller, then left 
to dry between blotters. It is the shrinking of the linen paper in drying that 
counteracts the tendency of the print to curl. 

263. Trimming prints.—a. Necessity of trimming.—Because a photograph is 
made on a standard-size negative does not necessarily mean that the finished 
picture will be of the same dimensions. On the contrary, almost every photo- 
graphic print is trimmed to a smaller or different size, in order to carry out the 
elementary principles of composition as explained in detail in paragraph 96. 
The beginner is apt to be disinclined to trim sufficiently, and as a consequence 
prints made by the beginner often include irrelevant matter which greatly 
detracts from the picture qualities explained in the paragraph cited. Thus an 
otherwise good print can be spoiled by incorrect trimming. When practicable 
it is best for personnel in the finishing laboratory to consult the man who took 
the pictures regarding their trimming. There should be no hesitancy on the 
part of the person trimming to remove unimportant detail from portraits, views, 
and the like when military information is not involved. As a rule vertical 
aerial photographs are never masked and are never trimmed down smaller than 
full size. 

b. Trimming guides—Two L-shaped pieces of stiff white paper or cardboard, 
when so placed upon a print about to be trimmed as to form a hollow square, 
will greatly assist the operator in deciding how much of the image should be 
retained. Sufficient time should be taken to place and replace these paper 
squares on the print until inclusion is obtained that is thoroughly satisfactory 
and at the same time carries out the instructions in @ above. 

c. Trimming shapes and knives—A print can be cut to the desired dimen- 
sions by the use of a straightedge and knife, but the cutting or trimming of a 
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print by this or any other method must not be attempted until the print is 
thoroughly dry and straightened. Discarded safety razor blades, especially 
those set in a rounded metal beading or border, have been found to be very 
satisfactory trimming knives. Knives and cutters especially made for photo- 
graphie work can be obtained. However, whenever these implements are used 
the ‘surface upon which the print is laid for cutting should be sufficiently hard 
to produce a clean cut and at the sume time soft enough not to dull the knife too 
quickly. These apparently inconsistent requirements are fairly well satisfied 
by a sheet of zinc, If prints are to be cut to standard size by the use of 
knives, special forms ean be employed to advantage. These may be made of 
glass or thick sheet metal, accurately cut to required dimensions, and fur- 
nishing an edge for the guidance of the knife. The cutting of prints in oval 
or circular form is most easily accomplished by the use of a metal guide and 
a special cutter, consisting of a sharpened wheel mounted in a swivel on the 
end of a handle. 

d. Trimming boards—The methods of trimming prints, as explained in c 
above, are used at present only occasionally, especially when the operator is 
Without a trimming board or the dimensions of the print are beyond the 
capacity of the available print trimmer. At present print trimmers or trim- 
ming boards are almost universally used. As the illustration, Figure 54, 





FIGURE 54.—A print trimmer or trimming board 


shows, this apparatus consists of a board fitted with a pivoted cutting blade 
Which makes contact with a carefully ground steel edge forming a border 
of the board. This edge is at right angles to a ruled strip on the board 
against which the edge of the print is pressed, and the portion of the 
print desired to be cut off is made to protrude over the cutting edge and 
knife brought down to complete the severance. Print trimmers, or trimming 
boards, supplied in the service are very excellent and of sturdy construction, 
and, if proper care is taken of them, they should last for many years. The 
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attention that they require is slight, and the principal rules which should 
govern their use are as follows: 

(1) Use a printer of the size that fits the size of the print to be trimmed. 
Ordinarily the finishing laboratory should be equipped with 10 and 15 inch 
trimmers and at least one trimmer large enough to trim any size print that 
may be made. The trimming of small prints on large printers dulls a por- 
tion of the cutting blade, thus making the trimming of a larger-sized print 
uneven, 

(2) Cut only single and double weight photographs on trimmers. ‘The use 
of the trimmer for cutting cardboard or other material other than photographs 
is injurious to it. 

(3) Keep rust off the metal parts of the trimmer and when the knife be- 
comes dull have it ground by some one who knows how to sharpen blades of 
this kind. 

e. Practice trimming.—Trimming a photograph properly is not so easy as 
the beginner usually supposes, and therefore should be learned from prac 
ticing on spoiled or discarded prints. With one hand the operator should hold 
the print on the board, so that one edge is just in contact with the ruler and 
the portion through which the cut is to be made is held down evenly and close 
to the cutting edge, so that when the knife is brought down with the other hand 
a straight even cut is made. Even on good trimmers the beginners, through 
failure to observe these simple directions for cutting the print, will fail to 
produce even edges and a print that is square or perfectly rectangular. A 
simple test to determine this is to bend the print so that opposite edges will 
be brought in contact, thus disclosing any variation in the length of oppo- 
site sides. Prints are often masked in the manner explained in paragraph 241, 
in order to produce a white or clear border. This border should be in propor- 
tion to the size of the print, the width being dictated largely by custom and 
taste. On an 8 by 10 inch print, a border from three-sixteenths to a quarter 
of an inch is of about the usual width. In the case of larger prints the width 
should be greater and in about the same proportion. It will be found that 
in the case of certain pictures it is more pleasing to make the border at the 
bottom a little wider than that running around the top and sides, as it will be 
found in such cases that if the border is of equal width all around the print, 
through a common optical illusion, it will appear to be narrower at the bottom. 

264. Mounting prints with adhesives.—a. General.—Photographic prints are 
attached to heavy paper, cardboard, cloth, and similar material for various 
reasons, all of which may be grouped under two general headings, namely, 
to preserve the print better or to add to its attractiveness. In this paragraph 
the use of moist or liquid adhesives to accomplish this end will be described, 
while paragraph 265 will be devoted to the latest method of mounting, known 
as dry mounting. 

Prints may be pasted down solidly upon the mount or may be “tipped on” 
by applying the adhesive only to the upper edge or to the corners. The objec- 
tion to the tipping-on method is the tendency of prints to curl up around the 
edges. However, as this method of mounting does not produce a warping in 
the mount, it will be found to be the most satisfactory when prints are to be 
mounted upon light material of the kind usually supplied in ordinary photo- 
graphic albums. In such case the print is almost continuously under pressure 
and curling of the edges is thus prevented. 
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b. Mounts.—The variety of mounts for photographs has been indicated in 
@ above. The most usual mounts are of heavy paper or cardboard, muslin, 
canvas, or Similar material, and therefore the succeeding subparagraphs will 
contain the necessary instructions for the use of such mounts. 

Paper and cardboard mounts are furnished in a variety of attractive forms, 
and as manufacturers of such mounts vie with each other in this respect, it 
is desirable to learn from their catalogues what the market affords in this 
regard. Cardboard may be plain or have a countersunk center that is de- 
Signed for a print of certain size. A great range of colors or shades of card- 
board for mounting photographs is available. In making the selection, the 
general rule should be that the color of the mount should harmonize with the 
color of the print. For black and white prints any shade of gray, carbon, 
black, buff, or cream color is appropriate, and for brown or sepia-toned prints 
any shade of brown or of some of the deeper reds. A delicate picture requires 
a light mount and a heavy picture, in which the lights should be brought out, 
a dark mount. The mount should not, as a rule, be as dark aS the deepest 
shadows of the photograph or on the other hand as light as the brightest. The 
color of the mount should not be exactly the same as that of the print nor so 
strikingly in contrast with it as to attract notice. Strong and crude tints 
should be avoided. Subdued shades of brown and gray are most suitable. A 
rough-surfaced paper should not be placed on a very smooth mount nor vice 
versa. The mount should not be more prominent than the print, and for this 
reason ornamentation on the mount is as a rule inappropriate. The picture 
should be placed nearer the top of the mount than the bottom, as in this posi- 
tion it appears more nearly in the center. 

Another important consideration in the selection of paper, cardboard, or 
similar material for the mounting of photographs is the degree of chemical 
purity of the material. Certain classes of paper and cardboard, especially the 
cheaper varieties, often contain chemical compounds that will in time pene- 
trate the attached print and bleach or otherwise destroy the photographic 
image. 

c. Adhesives.—The moist or liquid adhesives commonly used in photographic 
mounting are photographic pastes, rubber cement, and solutions of gums, glues, 
and gelatin. While formulas are readily available for the making of mount- 
ants, the specially prepared adhesives which are available everywhere will be 
found more satisfactory than the homemade product, and the use of a good 
brand of these adhesives is recommended in preference to making more or less 
Successful attempts to prepare a mountant. 

d. Use of photo paste.—The application of photo paste to the back of a print 
and the pasting of a print on a cardboard mount, for instance, is not the simple 
process that it appears to be, eSpecially when the paste seeps out at the edges 
of the print and stains the mount or when certain parts of the print along the 
edges do not adhere. The ideal sought to be obtained is obvious, and from the 
best experience the performance of this work may be described as follows: 
Trim the prints to the desired size. Immerse them in a tray of clean water, 
allowing them to soak long enough to become entirely limp. Remove them to 
a good-sized piece of clean glass or to a ferrotype plate, placing them in a pile, 
face down. Cover them with a piece of blotting paper, and with a print 
roller or squeegee press all surplus water from the pile. Then, with a good 
bristle brush, preferably one with hairs set in rubber and about an inch in 
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width, apply a thin even coating of the photo paste over the back of the 
uppermost print. It is immaterial, in the application of the paste to the top 
print, that it reaches the backs of the underlying prints. Lift the print, turn 
it over, and lower it into place on the mount, holding it by diagonally opposite 
corners, in a U shape, so that the middle first comes into contact with the 
mount and afterward in lowering the ends that air will be excluded from 
between the print and the mount. When lifting the pasted print from the top 
of the pile it should be touched as little as possible with the fingers. The best 
means of raising one corner is a small, silver table knife, the blunt blade of 
which can not damage the print. To place the print on the desired portion of 
the mount, use should be made of a guide consisting of a mask the size of the 
mount in which an aperture has been cut, exactly in the right position and of 
dimensions slightly larger than the print. As soon as the print has been laid 
upon the mount lift the guide and place it to one side and then carefully and 
gently press the print into contact with the mount, using the fingers or a 
damp sponge or a tuft of raw cotton, and working from the center outward 
so as to exclude any air imprisoned between the print and the mount. Remove 
from the surface of the print any paste that may have found its way there. 
Then, with the print roller, roll into more perfect contact, at the same time 
removing with a piece of cotton any paste that may seep out from the edges. 
When the surface of the print is dry enough to cease to be sticky place under 
weight or pressure until the paste is thoroughly dry so as to prevent the curling 
or warping of the mount. Before placing the mounted print under pressure. 
any paste that has inadvertently reached the surface of the print or mount 
should be swabbed off with a dampened sponge, before it becomes dry. To 
insure that the print sticks properly to the mountant, the paste must be worked 
into the paper thoroughly and the edges and corners of the print well pasted. 
The thinner the paper, the more easily it can be attached to the mount. Suc- 
cess in mounting double-weight paper demands that the paste have excellent 
adhesive qualities, that the print be properly dampened, and that the paste 
be fully worked into the dampened and thus open pores of the paper. 

e. The use of rubber cement.—aA solution of pure Para rubber in benzol which 
is commonly employed in cementing rubber goods is often used as the adhesive 
in mounting photographs, especially when it is desired to avoid the expansion 
of paper caused by wetting or dampening it and the consequent curling or 
warping of mounted prints, as the rubber cement may be applied successfully 
to a dry print and the resultant expansion of paper will be negligible. A fur- 
ther advantage gained in the use of rubber cement as compared with photo 
paste is that when the former is employed in the case of prints that have a high 
gloss they may be mounted dry without impairing the gloss. 

The necessary directions for the use of rubber cement may be stated as fol- 
lows: Lay the print face down on a smooth surface and apply the cement fully 
and evenly on the back of the print, especially along the edges. This operation 
should be performed quickly so as to avoid going over the print a second time. 
A brush may be used, although many operators prefer to rub the cement on with 
their finger tips. After a sufficiently thick and even coating has been laid on 
the back of the print and on the mount as well, the rubber solution is alowed 
to evaporate until this coating has become thick, sticky, and apparently surface 
dry. When in this condition the print is lowered on the mount, after the 
manner explained when photo paste is used, and pressed into contact. Any 
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cement accidentally reaching the surface of the print can be readily rubbed off 
by the finger tips or a piece of Para rubber. After pressing the print and 
mount into contact and freeing the face of the print from surplus cement, roll 
down with a print roller. 

It will be found when rubber cement is used that the print will adhere imme- 
diately on contact and, therefore, can not be moved about on the mount to adjust 
it into exactly the desired position. It must be accurately placed in position 
at the first attempt. Other disadvantages are that in time the rubber will rot 
and permit the print to loosen from its support and that dampness will hasten 
this decomposition. Also rubber cement has a staining action around the margin 
of the print. : 

265. Dry mounting.—a. Advantages.—The use of liquid adhesives in mount- 
ing photographs is a messy operation. The wetting of the prints, which this 
method requires, produces a surprising amount of expansion in the paper sup- 
port of the print, and this often upsets previous calculations made to place the 
print exactly in a certain position on the mount. The result of this expansion 
is a contraction of the print when drying, which is strong enough to warp even 
a heavy cardboard mount. While rubber cement may be applied to a dry print, 
it is not a satisfactory solution of the mounting problem, as a print coated with 
it must be lowered exactly into position on the mount, and errors can not be 
corrected by afterward moving it about even slightly. In time also the rubber 
in the cement hardens, disintegrates, and the print becomes detached from the 
mount. The most recent offering as a solution of the problem of mounting is 
the process of dry mounting. Tissue paper coated with shellac or suitable gums 
is supplied in standard sizes under the name of dry mounting tissue. This is 
inserted between the print and the mount, and upon pressure of a hot iron the 
heat liquefies the gum sufficiently to secure the adhesion of the print to the 
mount. The advantages of the process thus indicated, when compared with the 
use of liquid mountants, are almost obvious. Prints can be mounted dry without 
consequent curling. 

b. Technique of dry mounting —The equipment and materials used in dry 
mounting are a dry mounting press of suitable size, which is electrically heated. 
(See fig. 55.) If this is not available an ordinary stove heated or an electrically 
heated flatiron may be used, but the use of a fiatiron is not so practical when 
a large number of prints are to be mounted. Included with the press is an 
electrically heated tacking iron. (See fig. 56.) It will be observed that this 
closely resembles a soldering iron. 

The dry mounting tissue is furnished in packages of sheets cut to sizes cor- 
responding with those of photographic paper. To use the tissue, place the 
print to be mounted face down and tack a sheet of the tissue on the back of 
the print. This piece of tissue should be of the same size as the print, prefer- 
ably a little larger if the print is untrimmed. The tissue is made to adhere to 
the back of the print by applying the point of the heated tacking iron or the 
point of the fiatiron. The hot iron should be drawn a short distance across 
the print to give the tissue a firm hold. 

When mounting prints larger than 8 by 10 inches they should be tacked 
in the manner described at each corner. This will hold the tissue in place so 

that a number of prints can be prepared in advance for mounting. The tack- 
ing iron will retain an even temperature. The flatiron should be just hot 
enough to sizzle when touched with a wet finger. If the fron is not hot enough, 
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the tissue will stick to it. Turn the print face up and trim both the print and 
tissue to the desired size. Place in predetermined position on the mount, raise 
one end and touch the tissue attached to the back with the point of the tacking 
iron or that of the fiatiron, and then quickly press the print to the mount. 
This “tipping on” of the print to the mount is to prevent the slipping of the 
print when the complete contact of the print with the mount is being effected. 
The final operation may be performed either with a flatiron or in the specially 
constructed dry mounting press. 

When a flatiron is to be used cover the print with a piece of smooth paper, 
then press the whole surface with the heated iron. Press; do not rub. The 





FIGURE 55.—A dry mounting press 


fiatiron should be at the same temperature as when used for tacking, the test 
for which, as already described, is that it should be just hot enough to sizzle 
when touched with a wet finger. If the iron is too hot the tissue will stick 
to the mount. If it is too cold, the tissue will stick to the print and not to the 
mount, 

When the dry-mounting press is used to bring the print and mount into com- 
plete final contact place the print on the bed of the press and cover with a 
sheet of 10-ply cardboard. Press the platen into contact and allow the print to 
remain in the press for 25 to 30 seconds. 

Several small prints may be placed side by side in the press but not on top of 
one another. To obtain the best results the prints and mounts, or backing 
paper, should be thoroughly dry. The reason for this is that the emulsion on 
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the damp prints becomes sticky in the confined heat of the press, because damp 
gelatin will melt where there is heat and moisture. Also, the mounting boards 
if damp will warp. It is essential that the prints be flat before mounting as 
it is then a simple matter to trim the prints and tissue to the exact size. 





FIGURE 56.—A dry mounting tacking iron 


The temperature at which the dry-mounting press should be used is readily 
determined by the manner in which the tissue is affected. With too little heat 
used the tissue will not stick. On the other hand, too much heat will completely 
melt the tissue and the print will curl from the mount when removed from 
the press, as the excess heat prevents the tissue from setting. The print may be 
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placed in the press again, however, with an extra piece of cardboard over it, 
and it will be mounted perfectly. The extra cardboard reduces the heat, the 
tissue will stick, and the mounting accomplished. After a little experience in 
dry mounting the beginner will not encounter difficulties. 

A good rule by which the press may be brought to the correct temperature and 
remain so is to turn the current on “low” for 20 minutes before it is to be 
used. It will then retain the proper temperature. It will be necessary to 
leave the print in the press from 25 to 30 seconds, depending on its tempera- 
ture and the thickness of the card that covers the print. This is quickly learned 
by experience, and the operator can readily plan the work so that prints can 
be in the press while others are being prepared. 

Prints larger than the press are easily mounted by making several impres- 
sions so that all portions of the print receive an equal application of heat and 
pressure, in which case the cardboard should be 1 inch larger each way than 
the press to avoid pressure lines. When a thin mount is used the heat may 
produce a slight curve, which can be easily overcome by holding the print 
curled backward for a few seconds after removing it from the press. 

c. Dry mounting failures—The dampness of mounts, or prints, is responsible 
for nearly all failures met with in dry mounting. The reason has been given 
in Bb above. The obvious remedy is to keep prints and mounts in a warm dry 
place an hour or two before beginning mounting operations, spreading the prints 
and mounts on a table or otherwise exposing them freely to warm dry air. 

The failure of prints to stick is usually due to the fact that the temperature 
of the press is too low. About 150° F. is right for prints on the customary thin 
paper and 180° to 190° F. for those on heavier paper. It should be remembered 
that the platen is laid on the press and then the mount with the print at- 
tached to it, face down, and then the sheet of cardboard. If the press is 
heated from above, this order is reversed—platen on top, then the mount, face 
up, and the cardboard at the bottom. The wrong placing of these items means 
lower effective temperature, since the cardboard is a poor conductor of heat. 
Too high temperature of the press will lead to nonst:cking, for if the tempera- 
ture approaches 250° F. the tissue keeps in the melted state for some seconds 
after removal from the press, and therefore the print is unlikely to remain 
attached at all points. 

With prints on double-weight paper difficulty may be experienced in obtain- 
ing firm adhesion, due to the gelatin surface contracting in the press and 
causing the print to curl away from the mount during the few moments while 
the tissue has not perfectly set on removal from the press. The remedy is to 
relax pressure only just enough to allow of the mount and the platen resting 
on it to be withdrawn and then immediately press the platen down with a 
thick duster and so keep the tissue in contact with both surfaces while it cools. 

The sticking of prints to the platen is due to dampness of the prints. A 
print somewhat damp will also contract in the hot press, but the tissue will be 
unaffected and the result will be a narrow border of the tissue around the 
edges of the picture. If the finished result does not lie flat, the cause is gen- 
erally due to the use of a mount that is both too damp and of too pulpy 
quality. 

266. Improving the print.—-a. Spotting —Sometimes little spots are unavoid- 
able on prints. Occasionally a tiny, black flaw or a minute, transparent hole 
will be in the negative that will cause either a white or a black spot on the 
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print. On contact prints these spots are so small as to be scarcely noticeable, 
but on enlargements the imperfections become conspicuous. The method of 
hiding them by spotting is very similar to that employed in the spotting of 
negatives as described in paragraph 258 a. A white spot on the print can be 
removed by applying with a brush a little water color that will match the 
color of the print, thus touching the spot out of it. In a sepia or a black-and- 
white print the color can be perfectly matched with three colors, namely, Jamp- 
black, dark brown, and sepia. On b!tack-and-white prints lampblack can some- 
times be used alone or some operators mix a little white with it, especially if 
the spots are on a light ground. While water-color paints may be used in this 
work, special photographic spotting colors are furnished in the exact shades of 
black-and-white prints and sepia prints and they will be found more con- 
venient to use than if an attempt be made to combine a number of water colors 
to obtain the exact shade. These spotting colors include black, white, sepia, 
and photo brown. 

In the case of glossy surfaced prints the application of color will be found 
difficult unless a little of a solution of gum arabic, for instance, is used on the 
brush in connection with the color. 

While the common form of graphite pencil can be used in spotting prints, the 
sheen of the pencil marks will be apparent if the print is held at a certain angle 
to the light. Special spotting pencils are accordingly furnished, the marks of 
which can not be discovered from a sheen. With pencils, however, it is not 
possible always to obtain as imperceptible a covering of the defect as with a 
brush, and, moreover, the use of pencils on glossy surfaced paper is almost 
impossible, unless by abrasion with knife or powder a slight tooth is given the 
paper for the application of the pencil. The giving of this tooth to a small area 
requires uncommon skill. 

b. Removal of abrasion marks.—The proper storage and handling of glossy 
surfaced paper, as explained in paragraph 241 i, is the best way of avoiding 
abrasion or stress marks on prints. If the make of paper is prone to show 
stress marks, potassium iodide should be added to the developer, as explained 
in paragraph 250 b. If, in spite of all precautions, a slight number of these 
marks appear on some of the prints made, and it would be a saving of time 
to remove them rather than remake the prints, this can be done by rubbing 
each print lightly with raw cotton soaked in water, alcohol, or ammonia (five 
drops to each ounce of water), or immersing it in the following bath: 


Potassitim 10did@j2s0-2226554 5 so ee Se co 20 grains. 
WOGING 24522 ou oe ee eee ee eee 2 grains. 
WANT Spo eee eee oe ee eee 20 ounces. 


When the white parts of the print have turned blue in this bath they should 
be transferred to a freshly made fixing bath in which they should remain for 
about five minutes, after which they should be thoroughly washed. The prints 
should not be allowed to remain in the iodide bath too long, as it has the same 
effect as a reducer. 

c¢. Waxing—A print, more often an enlargement, that shows the image as 
apparently sunk in, can be greatly improved and its brilliancy and general 
attractiveness effected by the application of a solution of wax, sometimes re- 
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ferred to as encaustic paste. Following is a common formula for such a 


paste: 
Purified beeswax____________--_______-__-___ 500 grains 
Oi}*of lavenders.2-22 oe 2b eo ee ee ee Se 300 grains 
BON76)) ae a ool a a oe ee ee tes Do 
Gumi Clem s S 2 ee 10 grains. 


A much simpler formula calls for: 


Spirits of turpentine__________.________------------- 2 ounces. 
White Jnpan Over ooo 5e 6s Soe eel ees 114 ounces. 


This solution is applied evenly with canton flannel and rubbed into the surface 
of the print. 

d. Waterproofing.—Often photographic prints are framed without glass, and 
in order to prolong their life under such conditions they are given a coating of 
suitable, transparent, protective varnish. This is highly desirable in the case 
of original photographic mosaics, as the varnish prevents atmospheric dampness 
from loosening the edges of the prints composing the mosaic, causing them to 
become detached from the mount. 

A simple solution of white shellac has been found by some to give the neces- 
sary waterproofing or protective coating to photographs. Special prepara- 
tions may be obtained for this purpose, one of which is known as “ Kodalak 
W. P.”, which seems to have a celluloid rather than a gum base. They produce 
no perceptible change in surface or tone. 

The following is a common formula for a print varnish: 


SET (G 02D Of: | Cnet em a re res Ua an SR Oe, een nce 1 ounce. 

ICN70l 3 se ee ee ee se es 4 ounces. 
PAOLO NC ahaa ve SS 4 ounces. 
Absolute aleohol_____---__---_-__~ ~ 2 ounces. 


The directions for preparation are as follows: Dissolve the ingredients in 
the order given and allow mixture to stand with casual agitation until thor- 
oughly dissolved. When clear filter through fine muslin. This varnish is 
applied with a camel’s-hair brush, preferably of the rubber-set type, in light 
strokes to secure a thin, even coating, and the prints are dried away from 
all dust. 

267. Converting prints into line drawings.-—When the services of an expert 
draftsman are not available line drawings can be made by the photographer. 
The portions of the image in a contact print or an enlargement are traced in 
waterproof India ink and the photographic image is then completely bleached 
in the following bath: 


Potassium bichromate____-______________ 62 grains. 
SS ULMNUPIC AGI sn i ee 90 minims. 
WY GLCP ee et ee ee UA eee eee ee 16 ounces. 


After the Photographic image has completely disappeared in this bath, leav- 
ing a line drawing on a white surface, the print is thoroughly washed and 
dried. 

268. Training course.—The purpose of the practical exercises prescribed in 
Paragraph 269 is to put into practice the instructions contained in the pre 
ceding paragraphs of this section. A most important consideration in photo- 
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graphic finishing is craftsmanship, and the student should not be considered 
as having attained a satisfactory degree of skill in finishing unless the work 
bears the evidence of conscientious and thorough workmanship as exhibited 
particularly by neatness, cleanliness, good taste, and those other qualities that 
are familiar to everyone as characterizing a satisfactory finish to any kind 
of work. 

Rather than carry out these practical exercises individually or alone, it is 
preferable that the student act as a member of the finishing team or depart- 
ment of the organization, as it is only in this way that the consideration of 
paragraph 255 can be fully and clearly seen and appreciated and the training 
required by this paragraph received. 

269. Instruction procedure.—a. Washing negatives.—(1) See paragraph 256. 

(2) Wash several negatives fully and completely in a tray. 

(3) Wash several negatives fully and completely in each of the types of 
special apparatus in the organization designed for washing negatives. 

b. Drying negatives —(1) See paragraph 257. 

(2) Dry a negative in the simplest manner, allowing the water to evaporate 
spontaneously. 

(3) Dry a negative in a special drying cupboard. 

(4) Dry a plate negative, using alcohol. 

(5) Dry a film negative, using formalin. 

(6) Write a discussion of the relative merits of each of the methods of 
drying, including observations as to saving of time and quality of results 
obtained. 

c. Improving negatives.—(1) See paragraph 258. 

(2) Spot out a number of pinholes in a negative. 

(3) Mask the negative for printing so that a white margin of proper width 
will be produced in the print. 

d. Washing prints—(1) See paragraph 259. 

(2) Wash a print thoroughly and fully in each of the types of special 
apparatus for this work found in the organization. 

e. Drying prints.—(1) See paragraph 260. 

(2) Dry a print by each of the following methods: 

(a) Simptest method. 

(6) With alcohol. 

(c) By the “burning off” method. 
(d@). On the print-drying machine, 

(3) Write a discussion of your views as to the merits of each method, con- 
sidered from the standpoint of practicability, saving of time, and quality of 
results obtained. 

f. Ferrotyping.—(1) See paragraph 261. 

(2) Perform all operations connected with the ferrotyping of four prints. 

(3) Write an explanation as to the cause and remedy of any failures encoun- 
tered in ferrotyping the prints. 

g. Backing prints—(1) See paragraph 262. 

(2) Back one print with muslin, another print with photo cloth, and still 
another with paper. 

(3) Write a criticism of the three methods of backing. 

h. Trimming prints—(1) See paragraph 263. 

(2) Trim about six prints on a trimmer or trimming board. 

1. Mounting prints with adhesives.—(1) See paragraph 264. 
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(2) Mount several prints by each of the methods described in this paragraph. 

(3) Write a criticism of each of the methods thus employed. 

j. Dry mounting..—(1) See paragraph 265. 

(2) Mount at least three photographs by the dry-mounting method. 

(3) Write a statement regarding the difficulties encountered in dry mount- 
ing and the cause of each. 

k. Improving a print—(1) See paragraph 266. 

(2) Spot several contact prints and enlargements with colors and others with 
pencils. 

(3) Remove the abrasion marks from a print by use of friction or an abrad- 
ing powder and those from another print by use of a special solution. 

(4) Wax an enlargement. 

(5) Waterproof an enlargement or a photographic mosaic. 

l. Converting a print into a line drawing.—(1) See paragraph 267. 

(2) Convert a photograph to the line drawing placed upon its surface in ink. 

m. Operating a finishing laboratory.—Q(1) See paragraph 268. 

(2) Arrange a laboratory as ideally as possible for all kinds of finishing 
work. 

(3) Assign a sufficient number of students to each of the kinds of finishing 
work for which the laboratory is equipped. 

(4) Operate the finishing laboratory systematically in the performance of 
an appreciable amount of each of the various kinds of finishing work for 
which the laboratory is equipped. 


SECTION XI 


ENLARGING AND REDUCING 

Paragraph 
Generalecaesnee tate se es a ek ee 270 
Mnlarging :Cenerauy 2.22 2s ee a eee ee ee 271 
Negatives suitable for enlarging-___-__-_________.____-_~-_--_--__-u_-___-__ 212 
Pnlarging: (paperss So se ee ee ee ee ee icin aia ce eat Seles ak 273 
TyDG@ i Printer 22 2 eee ee ee ee a 274 
Enlarging with type E printer______-_-_____-__________-~--__-___ ee 275 
Sepia toning by redevelopment____-___-_____________--_-- eee 276 
Handwork on enlargements_____--_____.--_-____-~___ 277 
TROON aaa a aan eh ei 278 


270. General.—a. Definition of enlarging and reducing.—Enlarging and re- 
ducing are forms of printing in which the negative, instead of being in contact 
with the photographic paper, is at a distance from it and the rays of the print- 
ing light after passing through the negative are collected by a lens, which 
projects the negative image upon paper, in greater size in enlarging, in smaller 
size in reducing. : 

b. Comparison with contact printing.—These forms of printing are sometimes 
called projection printing. They differ from contact printing in that the nega- 
tive image is projected upon the paper instead of being impressed upon it by 
contact with the negative, and they therefore require an apparatus different 
from the contact printer. Also, as the strength of the light forming the pro- 
jected image is not so great as when the rays strike the paper directly from 
the lamps in the contact printer, a more light-sensitive photographic paper is 
used in projection printing. The student who has mastered contact printing 
can easily acquire a satisfactory degree of skill in projection printing upon 
learning how to operate the special projection apparatus and how to handle 
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the more light-sensitive photographic paper. Consequently, in presenting the 
subject matter of this section, it will be taken for granted that the student 
has this knowledge and skill. Before undertaking the work of enlarging and 
reducing the student also should be familiar with the contents of paragraphs 
74 and 82. 

c. Scope of present section—In treating of the phases of projection printing 
the general plan followed will be to first present the principles that are funda- 
mental to an understanding of the essential features of construction of any 
type of apparatus adapted to this work. Also, consideration will be given to 
the description of the qualities that a negative must possess to be suitable for 
projection and to an explanation of the characteristics of the kinds of photo- 
graphic paper used. Such an introduction will be followed by a detailed 
explanation of one of the special types of projection apparatus adopted for 
Army photography. Other forms of projection printing, such as restitution and 
transformation for producing prints uniform in scale from a negative whose 
scale is uneven, are more commonly connected with aerial photography, and for 
instruction in the operation of the special apparatus required the student is 
referred to TM 2170-6. 

As bromide papers ordinarily used for projection printing produce excellent 
sepia tones, the process necessary to such toning will be described in this 
section. 

No practical exercises will be prescribed, but upon completion of the study 
of this section the student should practice making prints by projection with both 
the vertical and horizontal types of projection printers. 

271. Enlarging generally.—a. Elementary principles.—a. An enlargement is 
a positive image obtained by permitting rays of actinic light to pass through 
a negative, then through a lens, and be brought to a focus on a sheet of photo- 
graphic paper, the image thus impressed being made visible by the process of 
development as fully explained in Section IX. The size of the projected image 
depends upon the distance between the lens and the sheet of sensitive paper ; 
that is, the farther the paper is from the lens, the greater will be the enlarge- 
ment. (See fig. 57.) 

b. Mfethods available—From a further study of Figure 57 it will be observed 
that an apparatus is required in enlarging that will hold the negative in front 
of a suitable source of light; contain a lens that will collect the rays of light 
passing through the negative and will project them in the form of an image, 
clearly defined or focused, and of desired proportions on a sheet of paper; and 
contain a suitable holder for the paper. 

While the type of apparatus required is essentially the same in construction, 
the methods of use differ principally according to the kind of illuminant used; 
that is, whether daylight or artificial light is employed. 

0. Apparatus.—The special apparatus required in enlarging is of two general 
types, namely, the camera type and the enlarging lantern type. 

Enlarging cameras are designed for use with daylight or an artificial light 
source that is separate. Enlarging lanterns resemble magic lanterns and con- 
tain within the apparatus the illuminant used. 

Figure 58 shows the essential construction features of an enlarging camera. 
In this illustration an ordinary type of camera is so fastened in a window that 
all the light entering the room passes through the camera and through the 
negative held in the focal plane of the camera. To obtain an even, unob- 
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FIGURE 57.—Size of projected image depends upon distance between lens and paper 





FiGURE 58.—Enlarging by daylight 
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structed light, a mirror is mounted outside of the window at an angle of 45° to 
the negative in the camera, and thus reflects through the camera the unob- 
structed light from the sky. In the darkened room an easel holds the photo- 
graphic paper in proper position in front of the camera. 

Figure 59 shows the simplest type of enlarging camera imaginable. It is 
made of a tapering box of wood which provides for the insertion of the nega- 
tive in the smaller end; the mounting of the lens in a partition in the camera 
set at proper distance from the negative, and from the sheet of photographic 


Neg. . Faper 


FicgurE 59.—Fixed focus enlarging camera 


paper that is inserted in a suitable holder in the larger end of the box. This 
apparatus is known as a fixed focus enlarging camera. The degree of enlarge- 
ment, as well as the maximum enlargement possible, is fixed. In using this 
camera the negative is covered with a cap or piece of light-proof material; the 
paper holder slide is withdrawn, and the exposure made by removing the cap 
While pointing the camera at a clear portion of the sky and replacing the 
cap at the expiration of the exposure. The slide should then be returned to 
the paper holder and the development of the exposed paper completed in the 
usual way. 





FicurRE 60.—Horizontal type of enlarging lantern 


Figure 60 is a type of enlarging lantern. When comparing this lantern with 
the enlarging camera shown in Figure 58, it should be noted that these two 
types of apparatus have in common a camera, a lens, an easel, and a paper 
holder. The light source in the case of the lantern, however, is contained 
Within the apparatus and comprises an electric lamp mounted between a 
reflector and a pair of condensing lenses or condensers. The refiector and the 
condensers are designed to conserve and pass as many light rays, as evenly as 
possible, through the negative. 

It will be found, upon comparing the outline of the apparatus shown in Fig- 
ure 61 with the apparatus illustrated in Figures 58 and 60, that this type, 
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in common with the other two types, comprises a camera, lens, easel, and 
paper holder, and that the point of difference is the method of controlling the 
illumination. This enlarger is one of the lantern type, for the reason that the 
illuminant is inclosed in the apparatus. It differs from that shown in Figure 
60 in that condensers are omitted and by special placing of the electric lamp 
and the shape given the reflector both the strength and uniformity of the light 
are controlled. 

ad. Types of enlarging lanterns.—The daylight types of enlargers have been 
considered for the purpose of rounding out a complete understanding of the 
possible systems of enlarging. In Air Corps photography, however, only the 
lantern types of enlargers (figs. 60 and 61) are used, because the control of 
daylight, owing to great variation in strength, is difficult and uncertain. (See 
par. 97.) 
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FIGURE 61.—Vertical type of enlarging lantern 


The lantern types are essentially the same, although they are differentiated 
according to whether the lantern is used in a horizontal position and requires 
a vertical easel for holding the paper or whether it is suspended in a vertical 
position and the paper is placed on a table top. A vertical lantern known 4s 
the type E printer is used in Army photography. A horizontal lantern known 
as the type R printer is also used in Air Corps photography and its construc 
tion and methods of use are described in TM 2170-6. 

272. Negatives suitable for enlarging.—«. General qualities—In making 
enlargements, as in contact printing, the character of the enlargement depends 
upon the quality of the negative. A suitable negative for enlarging purposes 
should possess the following qualities: Extreme sharpness of definition to the 
edges of the plate; clear shadows; sufficient gradation between high lights and 
shadows; and freedom from scratches, pinholes, or spots, as all such imperfec- 
tions are greatly magnified in the enlargement. (See par. 258 for instructions 
as to improving negatives. ) 
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The importance of keeping a negative, from which enlargements are subse- 
quently to be made, free of dirt and finger marks can not be overemphasized at 
this point. With some operators the completion of the drying of the negative 
seems license to be careless in handling it, and as a consequence the negative is 
allowed to become scratched and finger marked from improper handling. The 
cleanliness and extreme care which negatives intended for enlarging require 
are fully compensated by relief from the tedious handwork of spotting which 
otherwise would be necessitated on the enlarged print. Therefore immediately 
the negative is dry it should be placed in a preserver, preferably of the trans- 
parent kind, and handled in such an envelope. 

The negative should be fairly strong and evenly balanced, neither excessively 
contrasty nor flat, but one that is fully timed and has been fully developed. 
When enlarging from film negatives the film may be placed between two pieces 
of clear glass, after which it can be handled in the same manner as a glass 
plate. These cover glasses should be perfectly clean and free from bubbles and 
scratches. 

In addition to the selection of a suitable grade of paper to compensate for a 
lack of contrast in the negative, additional contrast can be secured in the 
enlargement by using a small diaphragm opening in the lens of the enlarger, 
underexposing slightly and prolonging development somewhat. 

b. Density.—Enlargers are designed for use of negatives of normal density. 
When the density of a negative exceeds that it may be impossible to make a 
satisfactory enlargement, due to the great length of time required for the expo- 
sure, especially when the light source is not strong. When making an enlarge- 
ment from a dense negative, therefore, the apparatus should be carefully looked 
after to see that there is no overheating with perhaps disastrous results to 
diffusing screen, condensers, negative, and even the lens. 

c. Contrast.—As stated in a above, it is possible in the process of enlarging 
alone, by the use of a smaller lens opening than normal, coupled with manipu- 
lation of exposure and development, to obtain contrast that may be lacking in 
a negative. In fact, the process of enlarging or projection printing seems 
naturally to add contrast in the print to a trifling extent. This fact should be 
borne in mind, and it should be realized that often a projection print will more 
satisfactorily approach the normal degree of contrast in the subject than a 
contact print from the same negative. 

273. Enlarging papers.—a. Light sensitiveness.—As previously stated, the 
light source ordinarily used in enlarging, or in other forms of projection print- 
ing, is not so strong as that employed in the contact printer, and as a con- 
Sequence a paper of greater light sensitiveness must be used. The selection 
is invariably confined to bromide paper. The characteristics of this kind of 
paper have been fully explained in Section IX, which relates to contact print- 
ing. In paragraph 242 h will be found a list of the kinds of enlarging papers 

used in Air Corps photography. This tabulation also gives the essential facts 
’ regarding each grade of paper. 

A series “0” safe light, or its equivalent, which is of an orange-red color, 
is designed for use with bromide paper. Care must also be taken when 
handling bromide paper to avoid light fog. 

b. Development speed.—Aside from being more sensitive to light, bromide 
paper differs from contact printing paper in that it develops much more slowly, 
1 minute and 45 seconds, and, in many cases, as much as 2 minutes, being 
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required for full development. Unless the tendency is curbed the beginner is 
inclined to develop bromide paper for the same length of time as chloride paper, 
with the result that the quality of the enlargements is unsatisfactory. 

c. Contrast.—Bromide paper is manufactured in grades of contrast corre- 
sponding to those in which contact printing papers are made and the desig- 
nations of these grades follow the same system. 

d. Paper stock—Like contact printing paper also, bromide paper may be 
obtained on single or double weight stock, which may be tinted or not. Also, 
it may be obtained in the same kinds of surfaces. 

274. Type-E printer.—a. Gencral.— Figure 62 is a photograph of Air Corps 
type E printer, which is identical with the Eastman projection printer No. 2. 
In fact, the latter has been adopted under the former designation. The illus- 
tration has been marked to show the principal parts of this apparatus. By 
way of introduction it should be observed that this printer is of the vertical 
enlarging lantern type, and therefore a clear idea can be obtained of the under- 
lying principles of its construction by reference to Figure 61. Referring to 
the inscriptions on the photograph appearing in Figure 62, the following are 
the detailed descriptions of the parts designated: 

b. Lamp house.—The lamp house is composed of the lamp, reflector, ventilator, 
ventilator cap, and ventilator extension. The house is dome shaped. The inside 
metal walls are coated with a special silver-like preparation which will reflect 
the light well without absorbing a great quantity of heat. The shape of the 
lamp house is also designed to reflect the rays from the lamp so as to distribute 
them as evenly as possible over the surface of the negative. The light source 
is a special 400-watt Edison pear-shaped No. 35 stereopticon printing lamp, 115 
volts. 

c. Diffuser—Equalization of the strength of the light rays directed through 
the negative is helped not only by the shape and coating of the lamp house, but 
by the use of a special diffuser intercepted between the lamp and the negative. 
This is a sheet of sandblown glass, the sand blast in the center having been 
greater than at the outer edges, so that the light is more evenly distributed over 
the entire surface of the negative. 

d. The negative holder.—The negative holder consists of a frame with clear 
glass bottom and a plate-glass cover glass, so that either a glass plate or a film 
negative may be used. The carrier will accommodate any size negative that 
does not exceed 8 by 10 inches. The negative in the negative holder fits 
immediately under the diffuser in a slot designed therefor. 

e. The camera.—The camera extends below the slot designed to take the 
negative holder and is composed entirely of bellows. Metal slides are mounted 
on four sides of the camera immediately under the negative holder so that the 
negative may be masked down to any size desired. By use of the masking 
slides a white border may be left around the print or any part of the negative 
may be printed as desired. The lens on printers furnished the Air Corps is an 
Eastman projection anastigmat having a speed of f-—8, and a focal length of 10 
inches. It is in iris diaphragm barrel mounting. With the lens is a set of 
two diffusing disks. These disks are made of optically flat glass and on their 
surfaces are a number of waves ground and polished. The disks fit over the 
lens mount and are held in position by a set screw. They soften the focus 
without increasing the length of the exposure. 
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f. Parallel swinging arms.—lIt will be observed from the photograph under 
study that extending from the top of the standard, which is the main support of 
the apparatus, are two parallel swinging arms that hold the camera and lamp 
house and permit the camera to be raised or lowered. 


lamp house 
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FIGURE 62.—Type E printer 


g. Automatic locking handle.—The handle is designed for the almost obvious 
purpose of raising or lowering the movable arms supporting the camera so as 
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to place the camera at the distance from the printing table holding the paper 
that will give the size of enlargement desired. Release of the handle automati- 
cally locks the camera in position. A counterpoise weight, attached to the 
camera arms and working in the upright standard, makes the operation of 
raising or lowering the camera one of comparative ease. 

h. Focusing cam.—The movement of the lens end of the camera and movement 
of the parallel swinging arms are so coordinated by a variable cam that the front 
of the camera moves forward as the camera is lowered and recedes toward the 
negative as it is raised. In this way the printer is made self-focusing, so that 
the image on the paper, irrespective of variation in size caused by the move- 
ment of the camera on the swinging arms, is always in focus. This is one of 
the great advantages of this type of printer and is likewise a great timesaver, 
as the student will realize after becoming familiar with the operation of an 
enlarger that must be focused. 

4. Scale-——The ends of the movable arms fit into a scale on which a pointer 
indicates the number of times the negative is being enlarged at any position of 
the camera. 

j. Sliding printing table——The printing table, which slides on the bench extend- 
ing from the standard, resembles a large wooden drawing board. 

k. Paper holder—The paper holder is essentially a secondary drawing board 
which may be placed at any desired point on the printing table. An L-shaped 
guide borders the length and width of the paper holder and is hinged to one 
side of the holder. The inside edge of this guide is beveled, metal bound, 
and graduated in inches. Two sliding metal pointers extend from each leg of 
the square. These pointers may be set according to the scales on the guide 
so that with the sides of the guide they form a hinged mask or adjustable 
frame under which a sheet of paper of any size from 3 by 3 inches to 17 by 20 
inches may be placed. A small L-shaped piece of metal called the adjustable 
margin gage fits into accurately cut and measured grooves in a corner of the 
wooden bottom of the paper holder under the L-shaped guide, so that, depend- 
ing upon the grooves used, a margin of from a quarter of an inch to 2% inches 
can be left on the paper if the corner of the sheet is fitted against the gage. 
A margin of corresponding size on the two sides of the sheet not held down 
by the guide can be made by properly setting the sliding pointers on the 
L-shaped guide. Having decided upon the width of the margin for the en- 
largement, the small metal gage is set in the grooves and pointers extended 
from the guide according to the scales thereon. The mask thus made is raised 
and a corner of the paper is placed against the margin gage and the whole 
mask brought down, thus holding the sheet flat against the surface of the bot- 
tom of the paper holder. 

In the upright support or standard of this apparatus is an electric ruby lamp, 
under the rays of which the necessary operations connected with the handling 
of the apparatus and the adjustment of the paper can be performed. 

l. Foot switch.—The illuminant for this apparatus is regulated by a foot 
switch, the lamp giving light as long as pressure is applied to the switch. A 
sufficient length of cord permits of the switch being placed at a convenient 
position on the floor so that it may be operated with the hands free to shade 
any portion of the projected image or otherwise dodge as described in 
paragraph 275 k. 
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m. Focusing the printer.—With each printer are furnished focusing diagrams 
marked Nos. 1 and 2. Place the glass diagram No. 1 in the negative holder, 
emulsion side down, and the paper diagram No. 2, on the paper holder. By 
means of the locking handle (fig. 62) draw the camera down to its lowest posi- 
tion, then with the left-hand lower stop screw No. 1 (fig. 63), at the same time 
pulling down on the locking handle until the cam levers come in contact at No. 
2 (fig. 68). Then take up any lost play by gently raising the arms with the 
use of the locking handle. 

As the light is switched on, if the projected image is not sharp, determine 
whether the focal plane is lower or higher than the surface of the paper 
holder. To do this, place the paper holder upon the printing table in such posi- 
tion that one edge passes through the center of the projected image. Then hold 
a small white card against the side of the paper holder in such position as to 
receive that portion of the image not falling on the paper holder. Move the 
card up and down until the exact focal plane is found. If the focal plane is 
higher than the surface of the paper holder, loosen nut No. 4 (fig. 63) and 
tighten nut No.3. Then draw camera down by means of the locking handle and 
again attempt to raise camera to take up possible play. If focal plane is 
lower than surface of paper holder, loosen nut No. 3 (fig. 63) and tighten nut 
No. 4, and again by means of the locking handle attempt to raise camera to 
take up possible play. Continue to adjust nuts Nos. 3 and 4 (fig. 63) until 
the projected image is sharp, being careful to insure against the play above 
mentioned. 

The printer now being in focus, note whether the scale of the projected image 
is in exact register as to size with No. 2 diagram on paper holder. If pro- 
jected image is smaller, loosen knurled locking screw No. 5 (fig. 63) and raise 
lens carrier A by turning screw No. 6 to the right. If image is larger, lower 
lens carrier A (fig. 63) by turning screw No. 6 to the left. 

Continue to adjust screw No. 6 (fig. 68) until scale of projected image is in 
exact register with scale of paper diagram No. 2 on the paper holder. Then 
tighten knurled locking screw No. 5, and the camera is in position for “one 
to one” printing. 

Raise lens carrier A (fig. 63) as far as possible by means of screw No. 1, 
and then by means of the locking handle raise camera to its highest position. 
If projected image is not sharp on paper holder (lower camera to a con- 
venient height), loosen lock nut No. 7 (fig. 63) and raise or lower lens carrier | 
by turning screw No. 8 to right or left to bring the image into focus when 
camera is raised to maximum height. (By using card as described above it 
will facilitate finding the exact focus.) Then again lower camera to a con- 
Venient height and tighten nut No. 7. 

To adjust scales on sides of camera, pull down to lowest point by means of 
the locking handle. Then lower lens carrier A (fig. 63) by turning screw No. 1 
to left until levers at No. 2 are in contact. Set scales with pointer at “one to 
one.” Now raise lens carrier A by turning screw No. 1 to its limit of motion. 
Machine is now ready for enlargements from 1.3 to 5 diameters. 

The type E printer will make prints up to 40 by 50 inches. The printing 
table, however, is only 3214 by 41 inches. However, the majority of large prints 
come within these dimensions, and a larger printing table would not be so 
convenient. 
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n. Obtaining uniform ilumination.—To obtain uniform illumination, draw 
out the masking slides to their full capacity and loosen the small locking ring 
on the top of the lamp socket and remove the ventilator extension. Then, 
while holding socket, revolve ventilator in one direction or in the other, rais- 
ing or lowering lamp until uniform illumination is obtained. Prevent, if pos- 
sible, raising the lamp too high, as that will cut off all ventilation. ‘Then 





FIGURE 63.—Details of focusing cam, scale, and pointer, type E printer 


replace the ventilator extension on the ventilator. (This adjustment is neces- 
sary whenever a new lamp is needed.) 

0. Making prints from 1.3 to 1 and 1 to 1.—Draw the camera down to its 
lowest position by means of locking handle, then with the left-hand lower 
screw No. 1 (fig. 63), at the same time pulling down on the locking handle 
until the pointer on the scale indicates the enlargement desired. Be sure to 
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raise the screw No. 1 (fig. 63) to the limit of motion before attempting to raise 
the camera arms by means of the locking handle. 

When screw No. 1 (fig. 63) has been raised to its highest point the printer 
will again be in automatic focus for enlargements between 1.8 and 5 
diameters. 

275. Enlarging with type E printer.—a. Operations required.—The opera- 
tions that must be performed in sequence in making an enlargement on type B 
printer are as follows: 

(1) Preparing the negative, if necessary, in the manner described in para- 
graph 257. 

(2) Inspecting the printer thoroughly to ascertain whether it is in working 
condition and making such adjustments of it as are necessary to accomplish 
the work in hand. (See paragraph 274 m and 0.) 

(3) Placing the negative in the negative holder. 

(4) Masking the negative by use of the masking slides. 

(5) Deciding upon the size of the enlargement. 

(6) Making a trial exposure. 

(7) Making the exposure. 

(8) Dodging. 

(9) Developing, fixing, and washing the print. 

(10) Examining the print to ascertain the existence of defects and to dis- 
cover the cause thereof. 

These operations will be described in detail and in the form of working 
directions for the use of the apparatus. 

b. Inspecting the printer.—It is assumed that the printer has been set up 
in a laboratory that is suitably arranged for its use, illuminated by proper 
kind of safe light, and otherwise that everything is in readiness for the develop- 
ment and finishing of an enlargement of the size to be made. Inspect the 
printer to see that it is in working condition and that the foot switch operates 
the light properly; that the lens is clean; that the diaphragm works; that the 
Sheets of glass in the negative holder are thoroughly clean; that there is a 
clean piece of white paper on the paper holder and that the ruby lamp on the 
upright or standard of the apparatus is burning. 

ce. Preparation of negative-—Examine the negative thoroughly on both sides 
to see that it is clean and free from finger marks, and also to determine 
whether any defects in it have been eliminated by spotting or other means. 

d. Placing negative in holder.—Ptace negative, film side down, between the 
glass in the negative holder and insert the holder in its slot below the diffuser. 
Press the foot switch and move the holder until the negative is properly 
centered. It will be found there is sufficient side play to enable the operator 
to make parallel any lines that may not be parallel with the edge of the 
negative. 

é€. Masking the negative—Push in or draw out the metal masking slides 
below the negative holder until the negative, or the desired portion thereof, 
is masked down to satisfactory dimensions. 

f. Deciding upon the size of enlargement.—Raise or lower the camera, while 
maintaining the pressure on the foot switch, until the desired size projection 
is obtained. 

g. Adjusting the paper holder.—If the size of the enlargement has been pre- 
viously decided, the paper holder should be adjusted to hold the size sheet 
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required and to give a margin of the desired width. If the size of the margin 
has not previously been determined, move the paper holder on the printing 
table or slide the latter until all the projection is included on the white paper 
in the holder. Then adjust the metal pointers as explained in paragraph 274 k 
until the size of the mask is obtained and then place the adjustable margin 
gage (also referred to in the last-cited paragraph) so that a white margin 
of the desired width will be obtained around the print, it being noted that 
this gage regulates the margin on the two sides covered by the wooden L- 
Shaped guide, and that the metal pointers extending therefrom must be set in 
far enough to give a like margin on the other two sides of the sheet. 

h. Deciding upon the exposure.—Study the projection to determine whether 
the image is sufficiently sharp and set the diaphragm of the lens at the 
desired opening. Then study the color or opaqueness of the projection of the 
negative image and form an estimate of the amount of time that it should be 
impressed upon the paper. Having thus approximated the exposure, proceed 
to verify it by a trial exposure. 

i. Trial exposure.—Lift the mask of the paper holder and insert a small 
portion of a sheet of the paper to be used, emulsion side toward the lens. Make 
the exposure by pressure on the foot switch, timing it by means of the dark- 
room timer, placed near the ruby light on the standard. To conclude the 
exposure, release the pressure on the foot Switch. Develop the strip for the 
proper length of time in a developer of the proper temperature. The normal 
length of development is 1 minute and 45 seconds, and the developer should be 
at a temperature of 70° F. From the results obtained on the test strip be 
governed as to the making of additional trial exposures or in the making of 
the full-size print. 

j. Making the exposure.—Having ascertained the correct amount of exposure 
required by the use of test strips, insert a full-size sheet of paper in the paper 
holder, taking care in so doing not to move the holder on the printing table. 
Place the paper in the holder so that the white margin of desired width will 
be obtained uniformly around the print. With paper holder and paper properly 
in place, make the exposure after the manner of exposing the test strip. 

k. Dodging.—The previous study of the negative and of the projection 
thereof should have included decision as to whether the negative is so uneven 
in density as to require dodging or the holding back of the light from those 
portions that are thin until enough light has penetrated the denser portions 
to impress them properly. This dodging can be accomplished by the dexterous 
use of the hands in throwing a shadow over those portions desired to be held 
back, the hands being placed at proper distance from the lens to do this. It 
will be observed that greater control can be obtained over the size and location 
of the shadows when the hands are near the lens. If it be desired to concen- 
trate the light at a certain spot, to the exclusion of the remainder of the image, 
a hole of proper size should be cut or torn in the piece of black paper and the 
sheet held at such distance from the lens as to form the desired size spot of 
light. The paper, however, must not be held stationary, but given a circular 
movement, so that there will be a proper blending of the tone of the area 
illuminated without the appearance of edges. Again, the projection may show 
a small thin spot that it is desired appear not too dense in the print. This 
can be held back by a piece of black paper, such as a portion of lantern 
slide binding tape affixed to the end of a strip of glass of sufficient length. 
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When this is held at proper distance from the lens the small shadow cast by 
the paper can be centered directly over the thin area in the projection and too 
great density thus prevented. As the glass is transparent, the other portions 
of the projection will pass through it without there being any consequent effect 
on the print. 

l. Development, fixation and washing.—The safe light used for bromide 
paper should be as stated in paragraph 273 a. The length of normal development 
and temperature of the developer should be as stated in + above. In other 
respects the development, rinsing, fixing, and the final washing of the enlarge- 
ment should be in accordance with the instructions given in Section IX. 

m. Failures—Most of the failures encountered in making enlargements, as 
well as the cause and remedy therefor, are the Same as in contact printing. 
Therefore reference is made to paragraph 250. In addition to the failures 
listed in that paragraph, there are the following which occur only in enlarg- 
ing by reason of the fact that this kind of printing is done by projection of 
the negative image: 

(1) Blurred enlargements.—Lack of definition in an enlargement may be 
due to one or more or a combination of the following causes: 

(a) Lack of definition in the negative. 

(b) Lack of proper adjustment of the apparatus or enlarger. 
(c) Defective lens. 

(d@) Overenlargement. 

The qualities that a negative should possess to be suitable for enlarging 
have been described in paragraph 272. The proper method of focusing type E 
printer has been fully explained in paragraph 274 m to 0, inclusive. The lens 
on the type E printer is of excellent optical correction, and its failure at any 
time to render properly defined enlargements is due to some injury that it has 
received in handling, or possibly due to oxidation of the glass surfaces due 
to age to such extent as to require repolishing. The definition of the negative 
may not be sufficiently crisp to permit of the making from it of the size enlarge- 
ment attempted. Overenlargement is a common error, and often it is accom- 
panied with graininess in the enlargement manifested by the appearance of 
the separate silver grains in the negative, caused by the great amount of 
magnification. The extent in this respect to which a negative may be enlarged 
depends upon the optical correction of the lens with which the photograph was 
taken, the accuracy with which the focus has been adjusted, the optical cor- 
rection of the lens with which the enlargement is attempted, the character 
of the negative with respect to graininess, resulting from the nature of the 
emulsion, and the kind of developer used in developing the negative. 

(2) Movement during exrposure-—Movement of the enlarging camera or 
lantern, or of the paper with respect to each other during the period of ex- 
posure, will produce an enlargement of blurred definition. When the easel 
is a part of the enlarging apparatus slight accidental movement is not in- 
jurious, as both camera and paper move exactly in the same direction and 
to the same extent. It is the displacement of the lens with reference to the 
paper that causes the movement that shows in the print. Such difficulty 
should seldom, if ever, occur with type E printer, if the apparatus is in good 
condition and handled properly. However, as the paper holder can be easily 
moved inadvertently on the printing table, great care must be taken to avoid 
jarring or moving the table or holder. Unless care is exercised in inserting 
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the paper in the holder or in removing it, the holder or table may be moved 
betweeil exposures. Such movement, however, does not show as poor defini- 
tion, but as the failure of the image to be centered on the sheet of paper 
in the manner originally decided upon, combined with the appearance at an 
angle of those lines in the print that should be parallel with the sides of 
the sheet. 

(3) Dirty lens—Dust or moisture on the surface of the lens will cause 
lack of definition in the print. Preliminary inspection of the apparatus as 
required by b above should obviate this difficulty. 

(4) White areas on the sides of the print.—The slipping of the paper 
holder on the printing table, referred to in (2) above, may push the corner 
or edge of the paper beyond the limits of the projection, thus preventing the 
light from reaching such areas. 

(5) Flat enlargements.—Aside from overexposure of the paper, faulty de- 
velopment and the other reasons for a flat print, as explained in paragraph 
250, a flat enlargement may result from the use of too powerful a light source. 
Also the negative may be too thin for the diaphragm opening at which the 
enlarging lens is set, in which case the remedy is obvious. Again, the nega 
tive may be so thin as to make bromide paper unsuitable and make resort 
necessary to a grade of chloride paper. Many delicate negatives are unsuit- 
able for enlarging on bromide paper, but require a soft or even a hard grade 
of contact printing paper. Still another cause of flatness, which is quite 
frequent, is the fogging of the paper while in the holder from stray light 
leaks in the room or from a safe light that is not really safe. 

(6) Hard enlargements.—This failure is the complementary defect of that 
described in (5) above. In this case the negative may be excessively con- 
trasty, or the grade of paper may be too contrasty, or the diaphragm opening 
of the enlarging lens may have been too small. The error may have been 
due to a combination of two or more of these possible causes. The proper 
remedy suggests itself. Sometimes excessively dense or contrasty negatives 
should be reduced to make them suitable for projection printing. A more 
powerful light will do something to counteract the excessive contrast in an 
enlargement, especially when used in conjunction with a weaker developer 
or by first wetting the exposed paper in water before immersing it in the 
developer. 

276. Sepia toning by redevelopment.—e. General.—Occasionally it is de- 
sired to vary the black and white image ordinarily obtained in an enlargement 
by converting it to one of brown and white, commonly known as a Sepia print. 
There are two general methods for doing this, as follows: 

(1) By toning. 

(2) By redevelopment. 

As the results obtained by redevelopment are satisfactory and as the need 
for sepia prints is not great, only the redevelopment method will be described. 

b. Requirements as to prints.—In the making of the print, when the exposure 
is slightly above or below normal, or development has been less than or greater 
than normal, or there has been a combination of these two ways of departing 
from the normal in obtaining the initial black and white print, the effect in 
quality may not be especially observed so long as the print remains black and 
white, but once the attempt is made to convert it to a sepia print the delin- 
quencies mentioned will be very noticeable in the unsatisfactory character of 
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the brown tone obtained. The beginner, therefore, must note that the first 
essential to success in redevelopment is a properly exposed and properly de- 
veloped black-and-white print and realize that the most common failure to 
obtain a good sepia color is carelessness in making the original print. 

c. Technique of redevelopment.—All the necessary operations are performed 
in daylight. The formulas for the solutions required are given in paragraphs 
204 to 206, inclusive. They consist of— 

The bleacher. 

The redeveloper. 

The hardener. 

It will be supposed that trays of proper size are before the operator, each 
containing the proper amount of the solutions mentioned. The steps in rede- 
velopment are as follows: 

(1) If the print has been previously dried, it should be soaked for several 
minutes in water If the print has not been dried since development, the 
final washing should have been full and thorough, 

(2) Immerse the print in the bleacher and allow it to remain until only a 
faint image is left and the black shadows have entirely disappeared. This 
should take about 1 minute with a fresh solution, but no harm will result from 
a somewhat longer immersion. The length of time for the immersion is 
judged solely by the action of the reducing agent on the print. While the 
image will never altogether disappear, the print should remain in the bleaching 
bath until it is evident that no further reduction will take place. It should 
also be kept moving during the bleaching process in order to insure even 
action over the surface of the print. 

(3) Rinse the print thoroughly in clean cold water until all yellow color- 
ing is eliminated from the surface of the print and the rinse water remains 
clear and free of any yellowness. 

(4) Immerse the print in the redeveloper until the original detail returns as 
a brown image. This will require about 30 seconds. If too strong a solution 
of redeveloper is used or the immersion is unduly prolonged, blisters on the 
print will be caused. Also, a strong redeveloper greatly softens the gelatin 
emulsion of the print, so that it is easily injured in handling. While the 
print is in the redeveloper the tray should be rocked. The print should re- 
main in the redeveloper until the action is complete or the print has reached 
full density. This becomes quickly apparent, and the print should then be 
removed and rinsed as excessive action of this bath is injurious, as already 
stated. The diluted or working solution of redeveloper does not keep, and 
therefore should be made of fresh stock solution at the time of redeveloping 
each batch of prints. Do not save a working solution of redeveloper after use. 

(5) Rinse the print thoroughly in clean cold water for about five minutes. 

(6) Immerse the print in the hardener where it should be allcwed to remain 
about five minutes. This is necessary, especially in warm weather, in order. to 
harden the gelatin which has been softened by the redeveloper. It is also 
especially necessary if the enlargement is on glossy paper, and if it is to be 
ferrotyped. 

(7) Wash the print for 20 minutes in running water, and move it about in 
the same manner as in the ordinary final washing of prints. If running water 
is not obtainable, it should be washed in the manner described in paragraph 259. 
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d. Factors affecting the warmth of the sepia color obtained.—The causes of 
variation in the color of sepia prints obtained by redevelopment may be sum- 


marized as follows: 


Factors tending to cause cold tones 


Paper contains minimum of excess 
bromide. 

Matte or rough surface paper. 

Minimum amount of potassium bro- 
mde in developer. 

Increase of sodium sulphite in de- 


Factors tending to cause warm tones 


Paper contains considerable excess 
bromide. 

Smooth surface paper. 

Considerable potassium bromide in 
developer. 

Overexposure and underdevelopment. 


veloper. Cold developer with probable conse- 
Underexposure and forced develop- quent overexposure. 
ment. 


Sulphiding before normal bleaching. 
Bath of 1 per cent sodium carbonate 
solution before sulphide bath. 


e. Cause of failure—As stated in 0 above, it is necessary, in order to obtain a 
good sepia color, that the black-and-white print be perfectly made. Any defect 
in the production of this print will appear when redevelopment is attempted. 
Thus prints that have been overexposed, overdeveloped, underexposed, or under- 
developed, or have been forced or restrained in development are unsuitable for 
this process. The beginner must learn from experience the proper tone or shade 
of a black-and-white print that produces the most satisfactory sepia. In the 
redevelopment method it is very important that the redeveloper always be fresh, 
otherwise good results can not be obtained. If the brown image does not appear 
after about 30 seconds in this solution, it is evident that the redeveloper has 
been exhausted, and that it will therefore be necessary to mix a new bath. 
There is nothing that can be done to save the print. The bleaching solution may 
be kept for a considerable time, and may be used as long as reduction takes place 
in a reasonable length of time. However, when its action seems to slow up it 
is best to prepare a fresh bath. 

f. Storage of sodium sulphide——Great care must be exercised in storing sodium 
sulphide or a solution thereof, as the fumes from this chemical quickly spoil 
any sensitized material, causing plates, films, and paper to fog or stain. 
Always keep solutions of sodium sulphide tightly corked and the containers of 
the salt itself sealed and stored as far away from sensitized materials as 
possible. 

277. Handwork on enlargements.—It is usually necessary to improve the 
appearance of an enlargement by handwork in colors or in pencil, and in 
addition sometimes it is desirable to wax or waterproof the enlargement. 
These methods of improving a print have been fully described in paragraph 
266. 

278. Reducing.—a. General.—Reduction of the size of the image is rarely 
necessary in military photography except in making lantern slides by projection 
(see par. 281 d@) or in the precise projection to scale required in prints intended 
for use in aerial photographic mosaic assembly. 

b. Apparatus.—The type E printer is so constructed that it is impossible to 
produce reductions by its use. The horizontal type enlarger must be used for 
this purpose. By changing the relative positions of the negative, lens, and 
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easel either reduction or enlargement is possible with this type of enlarging 
lantern. A study of Figure 57 will make this clear. By increasing the distance 
between the negative and the lens and decreasing the distance between the lens 
and the easel an image which is smaller than that of the negative can be 
projected. 

The horizontal type enlarging lantern now in use in the Air Corps is known 
as the type R or the restitutional printer. Its operation is described in TM 
2170-6. 
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279. General.—a. Definition of a lantern slide—A lantern slide is a small 
positive, made upon a glass plate, designed to fit a stereopticon or projection 
lantern. The projector is built upon the same principle as a magic lantern, 
and the projections of lantern slides, as is well known, are used in illustrating 
lectures and for similar purposes. 

b. Lantern-slide plates—An unexposed, undeveloped lantern-slide plate re- 
sembles an ordinary photographic plate. In speed and manner of manipula- 
tion, however, it is more like bromide paper. The standard-size lantern-slide 
plate is 3% by 4 inches. The emulsions of lantern-slide plates are not fur- 
nished in aS many speeds as photographic papers, but they have greater lati- 
tude than the emulsions of most printing papers. The two grades of lantern- 
slide plates procurable are designated, respectively, as slow and fast. A slow 
plate is capable of giving more contrast than the fast grade. For aerial and 
other photographic work, where minute detail is necessary, the fast slide 
should be preferred, the slow slide being better adapted for line drawings, 
charts, diagrams, and the ordinary commercial or advertising type of slide. 
The speed of the fast slide is from two to six times greater than that of the 
slow slide, the exact difference varying with the make of slide. 

c. Comparison of slides with prints—The image in a photographic print is 
designed to be viewed by reflected light, while that in a slide is first projected 
upon a screen for viewing, and therefore the slide may be said to be intended 
to be seen in direct light. Therefore, if a satisfactory bromide print were 
separated from its paper backing and the film transferred to glass, it would be 
found that the slide thus made would be too dense and would lack the crisp- 
ness and brilliancy required for a good lantern slide. 

d. Care and cleanliness in operations.—Since a slide is designed for projec- 
tion upon a screen and the image thus magnified many times, the greatest care 
must be taken at every stage of lantern-slide making to preserve the utmost 
cleanliness, to avoid dust, grit, dirt, or marks of any kind on the slide, as such 
extraneous particles will be conspicuous in the projection and misleading in 
the case of slides made from aerial photographs and intended to be projected 
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for interpretation purposes. Therefore, preparatory to beginning work, all 
trays, containers, and apparatus must be thoroughly cleaned. 

e. Quality of slides required in aerial photography.—Slides made from aerial 
negatives must have transparent shadows and all the detail possible in the 
high lights. These qualities are obtained by rather full exposure and correct 
development. The color should be a warm black and the image must be sharp. 
The density should be just such that the light from the projector will penetrate 
the slide freely. 

f. Previous experience of student.—It is assumed that the student before 
taking up this section has acquired skill in contact printing and especially in 
the use of bromide paper. If able to make a good print, the student will not 
experience difficulty in making a good slide. 

280. Kind of negative required.—a. Imperfections.—Any negative that will 
yield a good print will also give a good slide, and therefore it should be free 
from blemishes. Imperfections, such as scratches or pinholes and all defects 
of this kind, including those resulting from under or over exposure, are magni- 
fied in the projection of the slide thrown upon the screen. Similarly, nega- 
tives that have had much handwork done upon them, as well as those with 
harsh contrast, show to great disadvantage in the lantern slide. If the nega- 
tive has been correctly exposed and developed and shows a sharply defined image 
it can be depended upon to give a good slide. 

b. Improvements.—Before beginning lantern-slide making the operator should 
place the negatives in a retouching desk and very carefully work out or touch 
out with color, in the manner described in paragraph 258, any pinholes, 
scratches, or defects of that sort. 

281. Printing the slide.—a. General.—The slide may be printed in contact 
with the negative or by projection of the negative image by means of an 
enlarging and reducing lantern or by the inverse of the usual manner of pro- 
jection, namely, within a camera, such a method being known as reduction. 
These three methods will be described sufficiently in detail to enable the 
operator to decide upon the one to use in printing the slide. After the lantern- 
slide plate has been exposed, the development and subsequent operations are 
the same, irrespective of the manner of printing. 

b. Position of image.—As a slide may be placed in the projection lantern in 
a horizontal position only, it is essential that the image be printed on the slide 
in such a manner that it will be upright when the slide is held horizontally. 
All printed matter should be parallel to the long side of the slide. 

c. By contact.—(1) Apparatus required.—A slide may be printed by con- 
tact either in a printing frame or on a contact printer. The negative is care 
fully dusted and placed in the printing frame or on the printer, emulsion side 
up, and a lantern-slide plate is placed upon it so that the emulsion side will be 
in contact with the emulsion side of the negative. The back of the frame is 
then fastened down (or in the case of the printer contact is effected by bring- 
ing down the top) and the exposure made. Ordinarily, when printing slides 
by contact all of the negative is not used but only a selected portion. In such 
a case place the lantern-slide plate exactly over the area desired. Avoid 
scraping the negative with the edges of the lantern-slide plate and do not 
move the plate while fastening the back of the printing frame or bringing down 
the top of the printer. As the plate is of nearly the same sensitiveness as 
bromide paper, it is exposed like that paper. Also, the same methods of classi- 
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fying the negatives and of finding the exposure are employed. If a negative 
showing a full range of tones, normally exposed and correctly developed, is 
considered a normal negative, all negatives should then be classifled into five 
classes, namely, normal, thin, very thin (much underexposed), dense and very 
dense (overexposed and with little contrast in the shadows). The value of 
such classification is that once the exposure is ascertained for a normal 
negative, the length of the exposure required when the other negatives are used 
can be calculated therefrom. Roughly speaking, therefore, a thin negative 
would require about one-half the normal exposure, a very thin negative a 
quarter, while a dense negative will require about twice, and a very dense about 
four times this exposure. Slightly uneven negatives may be dodged or shaded 
after the manner explained in paragraph 244 h. However, but little dodging 
can be done in exposing a lantern-slide plate, due to the smallness of the area 
involved. The equivalent of dodging in lantern-slide making is accomplished 
by local reduction, which is discussed in paragraph 229 a. 

(2) Distance from printing light—If a printing frame is used, the im- 
portance of having the frame at a uniform distance from the light source holds 
true when printing the lantern slide as when making the contact print. 
(See par. 244 d.) 

(3) Trial exposure.—In printing lantern slides, the need of making trial 
exposures to ascertain the correct printing time is as important as in contact 
printing or enlarging. To make a trial exposure when printing a slide by 
contact, cover two-thirds of the negative and give an approximated exposure. 
Move the card back so that only one-third is covered, expose again, now 
remove the card entirely and give the third exposure. Always increase each 
succeeding exposure by at least 50 per cent of the preceding exposure. Smaller 
variations are not of practical value. The three exposures should cover a 
wide range and from the appearance of the slide after normal development 
the operator should be able to determine at once which exposure is nearest 
correct. The distance at which the frame should be held from the light source 
depends upon the character of the negative. Thin, flat negatives give the best 
results when printed in a weak light, or at some distance from the light on 
slow plates and when the development is full. On the other hand, a hard, 
contrasty negative should be exposed to a strong light at a short distance. 
With a fast plate the development should be brief. 

d. By projection.—(1) Any enlarging camera may be used to print lantern 
slides by projection provided the bellows is capable of sufficient extension and 
that the lens used is not of too great a focal length. A very satisfactory type 
of enlarger for this purpose is the type R printer furniShed the Air Corps. 
(See TM 2170-6.) This type of projection printer has a specially constructed 
slide holder which is readily attached to the easel. With enlargers other than 
the type R printer, the lantern-slide plate may be held against the enlarging 
easel by means of four short pins, arranged in the form of an L, or an 
L-shaped piece of card or wood may be fastened to the easel and the 
plate rested on this during exposure. A discarded, undeveloped plate may be 
used for focusing if the coated side faces the lens. 

The use of the type R printer, or any other similar type of enlarger, per- 
mits dodging in the same manner as when enlarging on bromide paper, and 
the artificial light of the lantern gives the same advantages with respect to 
uniformity that, generally speaking, artificial illumination gives when used 
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instead of daylight as a printing illuminant. The negative should be masked 
so that only the portion which it is desired to print on the lantern slide is 
projected. In this way reflections from the edge of the slide, which would 
otherwise produce fog, are avoided. 

(2) Trial exposure—A variety of trial exposures can be made when the 
slide is printed by projection by covering two-thirds of the slide with a card 
and giving a certain exposure, and then moving the card so that only one 
third is covered, exposing again and finally removing the card entirely and 
giving the third exposure. The manner of making the trial exposure is 
similar to that explained in paragraph 244 g. 

e. By reduction.—(1) Use of copying camera.—(See par. 289.) A common 
method of making lantern slides is by reduction in the combination enlarg- 





FIGURE 64.—Enlarging, reducing, and copying camera 


ing, reducing and copying camera now in use in the Army. (See fig. 64.) This 
camera is set up so that the front points toward an evenly illuminated por- 
tion of sky away from the sun and a screen or diffuser of ground glass or 
white tissue or tracing paper is placed in front of the negative at a distance of 
not less than 6 inches. The glass side or back of the negative is cleaned of all 
watermarks and the negative is dusted and inserted in the front kit with the 
emulsion side toward the lens. It will be noticed that these cameras have 
a section at the center of the bellows in which the lens board will fit, leaving 
the beveled front, where the lens is ordinarily placed, free for fitting kits to 
contain the negative. 

When time is a factor, the negative from which a slide is desired may be 
washed superficially after it is fixed, the excess water quickly blotted off and 
the negative inserted while wet in the camera. Final and complete washing 
and drying in the usual manner can be postponed until the desired number 
of slides are made from the negative. 
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In case negatives 8 by 10 inches or larger are to be reduced to lantern- 
slide size, the extra kits that are furnished with the copying easel must be 
used, because the bellows extension between the lens and the negative is 
insufficient for the desired reduction. By using the finger kits the negative 
can be placed at a distance sufficient for the required reductions. The focusing 
is carefully done by means of the focusing screw at the back of the camera. 
Since the lack of definition becomes very apparent when the slide is projected, 
a magnifying or focusing glass may be used to insure critical definition. If 
tracing paper is used in front of the negative, the use of too small a stop 
should be avoided because the surface of the diffuser, as well as that of 
the negative, will be brought into sharp focus and a linen or grained appear- 
ance will be given to the lantern slide. Sometimes unevenness in the slide 
is caused by the camera being focused toward a window or other illuminant 
which contains an obstruction which cuts off a part of the light. This can 
be avoided by moving the diffusing screen a little farther away, or shifting 
the camera so as to eliminate obstructions in windows. The negative should 
be centered, either in the finger kits or in the kits in the front part of the 
camera. The copying camera is equipped with a back that takes only a small 
double plate holder designed to hold two lantern slides. This back can be 
adjusted laterally and horizontally, as well as partially revolved. These 
adjustments enable the operator to center the image tlHfat is to be reproduced. 
The revolving feature enables the operator to rectify a negative in which the 
image was not centered when the original was made. 

Time may be saved by having the outline of an average size lantern-slide 
mask marked on the ground glass. The tendency of the beginner in lantern- 
slide making is to cover the whole slide with the image. If this is done a 
half-inch margin around the plate will be cut off by the mask that will be 
attached to the slide, or a margin for that size will be cut off by the con- 
densers when the slide is projected in the lantern. It is much better to have 
the image on a Slide too small than too large. Allowance should always be 
made for a margin of at least one-half inch on a lantern slide that is to be 
masked. Having centered the slide, the operator should check the sharpness 
of the image and see that the diffuser does not show on the eround glass, 
then insert the plate holder and make the exposure. 

(2) Operation of camera.—When using the combination enlarging, reduc- 
ing, and copying camera for making slides, a certain sequence of operations 
should be followed in order to save time and to prevent errors caused by slight 
confusion. The following operations, in the order stated, are necessary: 

(a) Open the shutter and diaphragm of the lens. 

(b) Clean the negative of dust and finger marks and place it in the kit 
so that the emulsion side will be toward the lens. If the operator 
desires that the image appear right-side up on the ground glass 
the negative should be inserted in the kit upside down. 

(c) Center the sliding front. 

(d) Take position at the right of the camera. 

(e) Bring the image to size by working in the following manner: Place 
the right hand on thumbscrew in the lower part of the lens com- 
partment and the left hand on the focusing knob on the rear of 
the camera. 
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(f) Bear in mind that the size of the image depends upon the distance 
between the lens and the negative, the greater the distance the 
smaller the image. 

(g) As the distance between the lens and the negative increases, the 
distance between the focusing screen and the lens decreases. (The 
relative exposure follows the same order.) 

(nh) When the image has been brought to the correct size, about 3 
inches, lock the lens compartment in position. 

(i) Critical focusing is accomplished by turning the focusing knob at 
the rear of the camera bed. 

(j) Notice the position of the image on the ground glass; if it is not 
centered, make corrections by use of the sliding and revolving 
back. 

(k) Lock the back in position. 

(1) Place the diffusing screen in position. 

(m) Close lens diaphragm just sufficiently to give sharp definition. 
(A small diaphragm gives better definition, but too small a stop 

is likely to bring the diffusing screen too sharply in focus.) 

(n) Close the shutter. 

(o) Insert the plate holder. 

(p) Withdraw the dark slide. 

(q) Determine the exposure. (See par. 282.) 

(r) Open the shutter and give the required exposure. 

(s) Close the shutter. 

(¢) Insert the dark slide, black border out. 

(wv) Withdraw the holder and develop the lantern-slide plate. 

(3) Trial exposure.—Following the generat method explained in }b above, 
a series of trial exposures can be given on a lantern-slide plate by withdrawing 
the slide a little at a time so as to uncover in succession fresh strips of the 
plate. 

282. Making the exposure.—a. Calculating the exposure.—No definite esti- 
mate of the amount of exposure necessary can be given. This necessarily 
depends upon— 

(1) The amount of reduction. (Camera extension.) 

(2) Size of lens diaphragm used. 

(3) Intensity of light. 

(4) Character of negative. 

(5) Speed of lantern-slide plate. 

By working systematically, using the same diaphragm, and carefully ctassi- 
fying the negatives as in contact printing, it will soon become comparatively 
easy to estimate exposure correctly. 

b. Dodging.—When slides are printed by contact the method of dodging 
available is that referred to in paragraph 244 h. When they are made by pro- 
jection, or use of an enlarger of the type to which the type R printer belongs, 
the method of dodging is as explained in paragraph 275 k. However, when 8 
slide is printed in a copying camera, there is no satisfactory method of dodging 
or shading during the period of exposure, and unevenness in slides thus pro- 
duced must be corrected by local reduction as explained in paragraph 284 4. 
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283. Developing the slide.—a. Normal development.—An exposed lantern 
slide is developed, rinsed, fixed, and finally washed in exactly the same manner 
as an exposed sheet of bromide paper. Development is performed under a 
series “OQ” safe light, and the formula for the developer used appears in 
paragraph 189. If development is done in a clean white enameled tray, it will 
be easier to watch its progress. The image should begin to form in about 15 
seconds if the exposure has been correct and if the temperature of the de- 
veloper is 65° F., and under these conditions also development will be com- 
plete in about 2 or 3 minutes. The shadows will appear first, followed gradu- 
ally by the half tones and finally by the high lights. The manner and time 
in which the image first appears indicate whether the correct exposure has 
been given. The mistake is usually made by the beginner of overexposing 
and underdeveloping. When development has progressed, the operator should 
examine the slide by holding it up to the orange-red light with the glass side 
toward him and should study the apparent opacity of the image. If the 
shadows are quite opaque and the detail in the high lights distinctly visible, 
development may be regarded as complete. 

The effect of prolonging development is to increase the contrast or brilliancy 
of the slide. However, after development has continued for 3 or 4 minutes, 
the greatest possible degree of contrast has been obtained and further de- 
velopment will produce only chemical fog. Even if fog is not visible with 
prolonged development, the heat from the projection lantern will cause an 
overdeveloped slide to become stained when it is projected. 

When development is complete, the highest light in the image should be 
appreciably veiled over. This can be judged by comparison with the white 
margin of the slide. Allowance must be made for the semiopaque emulsion in 
the plate. This fixes out and leaves the image somewhat paler than it 
appeared under the safe light. Until experience has been acquired in judging 
the slide in this manner, the progress of development should be observed by 
holding the slide up to the safe light. By noting the difference in the appear- 
ance of the slide before and after fixing, the correct method of judging will 
soon be acquired. The slides are rinsed, fixed, washed and dried in the same 
way as a negative. Since the detail is very small and imperfections will show 
more readily in a slide than in a negative, special care should be exercised 
in sponging each individual slide with cotton before placing it on the dry- 
ing rack. 

b. Appearance of underexposure.—If the image appears very slowly and re- 
fuses to gain in strength on prolonged development, the slide is underexposed 
and another slide should be printed. 

c. Appearance of overexrposure—When the image flashes up immediately 
upon the application of the developer, the slide has been overexposed. On 
the screen the image will appear flat, the high lights veiled and the shadows 
muddy. Slight overexposure can be remedied by developing fully and re- 
ducing the slide afterward. Slides from aerial negatives are usually slightly 
Overexposed and then reduced. This gives a slide even in tone, containing 
detail in the shadows and high lights, a condition which is essential to its 
study for interpretation purposes, 
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d. Effect of exposure and development.—The following tabulation shows the 
effect of correct and incorrect exposure and development: 


General] density Shadows High lights 
NORMAL EXPOSURE 
Normal development_.._......----- COmeCh. so esses Good detail. ._...-..-- Good detail. 
Underdevelopment..__.......-..--- PINS. jcescecseeee est Thitke ose vance cecuss in. 
Overdevelopment--__...........---- Excessive. .....-...-.. HOAVY 2 ooec en ecc ct ccece Probably fogged. 
UNDEREXPOSURE 
Normal] development.............-- WHIM oe cel ectesed Detail, but thin_____-- No detail. 
Underdevelopment........--......-[-.--- (3 [eee ke aes cee, mE Oe2e ci cotesteeked Do. 
Overdevelopment.-_._____.-___-.---[--.-- A0czeccotwucnested Hard secede Do. 
OVEREXPOSURE 
Normal development.-_........_.._- Excessive_._-.-------- Blocked up. ..-------- Good detail. 
Underdevelopment.-.__...-.-....... Insufficient._.........- Detail, but flat_._.___- Detail, but flat. 
Overdevelopment --_......-..--.---. Excessive. -.---------- Blocked up--_.-.------ Veiled. 


e. Color of the slide—A brief exposure to strong light, followed by quick 
development in a developer made strong with carbonate, tends to give a very 
black color, while overexposure, coupled with a long immersion in a weak 
developer, results in a color more or less warm. Underexposure tends to give 
a bluish slide, and overexposure an olive or muddy tone, especially when 
there has been a decided overexposure. The color of the slide is an important 
consideration. 

f. Failures.—Since the only practical difference between a lantern slide plate 
and a sheet of bromide paper is.that in the case of the former the emulsion is 
coated on glass and in the case of the latter, on paper, reference should be 
made to paragraph 250 for the causes of defects. 

284, Finishing the slide.—a. Local reduction—As indicated in paragraph 
282 b, when it is not possible in the method adopted for printing the slide to 
dodge or otherwise attempt to even the strength of the light forming the nega- 
tive image on the plate, recourse must be had to local reduction. As a general 
rule, every effort should be made to avoid local reduction, and, if possible, 
the uneven density of the negative corrected in the negative itself. However, if 
this is not practicable, the slide, after being thoroughly fixed, may be rinsed 
slightly to remove the acid from it, and the denser portions, or those requiring 
reduction, touched with a tuft of cotton which has been dipped in a solution 
of ferricyanide and hypo. This solution is prepared by adding potassium ferri- 
cyanide to a solution of plain hypo until it becomes a light straw color. Care 
must be taken that the solution does not run over the portions of the slide 
which are not to be reduced. The slide occasionally should be dipped in clear 
water to avoid the possibility of reducing the parts that are of proper density. 
The reduction can be better observed by holding the slide toward a piece of 
white paper or a weak light. Avoid over-reduction. If the slide has extremely 
uneven density, or has been developed too far, the detail in the shadows will 
be entirely removed by too much reduction. 

The brillianecy of the slide may often be improved by giving it a short immer. 
sion in a weak solution of Farmer’s reducer. (See par. 201.) This method 
will improve a slightly overexposed slide, or one that is slightly fogged. Too 
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long an immersion, however, will destroy fine shadow details and the blue- 
black color of the slide will be affected. 

b. Spotting.—If the negative used for making the slide is free from blemishes, 
spotting of the slide will be unnecessary. It should be the operator’s aim to 
eliminate the spotting of the slide as far as possible by spotting the negative in 
the manner explained in paragraph 258a. 

c. Masking the slide.—The projection area of a 3% by 4 inch slide is approxi- 
mately one-half inch smaller all around than the full dimensions of the plate. 
Therefore, when the slide is dry, a mask is cut from black paper with a suitable 
inside opening and it is then pasted to the emulsion side of the slide, or as is 
usually done, a border of not less than one-half inch is made on the emulsion 
side by attaching lantern slide binding tape around the margin of the image. 
The surface of the film is then carefully dusted and a piece of perfectly clean 
cover glass (usually obtained by having previously completely removed the 
emulsion from spoiled or discarded lantern slide plates) is placed on top of the 
slide and the two bound together by pasting lantern slide binding tape over and 
around the edges, passe partout fashion. 

Ordinarily, slides used in lecturing are masked to give the most artistic 
illustration. If in doing this a slight portion of the image is cut off it will not 
be noticed. However, on slides made from aerial negatives and to be used for 
interpretation, or any slides containing military information, the image should 
be made small enough and the masks should be such that no part of the image 
will be cut off when it is projected. Care should be taken that numbers, letter- 
ing, or printing in the negative show plainly in the slide as projected. 

d. Binding the slide.—To bind a lantern slide, proceed as follows: Cut a strip 
of binding tape 1514 inches long, lay face down, and moisten the back thor- 
oughly. When limp, turn the gummed side up and moisten this side. Now, lay 
the strip, face up, on a couple of thicknesses of blotting paper. Place the slide 
With its cover glass in position on the strip so that one end of the strip is in 
the center of a side of the slide and cover glass and then press them firmly 
down on the strip. Next, turn the slide and cover over on the strip, and over 
again, and at each movement press the slide and cover while held together, 
firmly on the strip, running the finger along the edge of the binding tape so 
as to cause it to adhere to the slide and its cover. Next, press down the sides 
of the strips firmly against the glass, pushing the top end of the upright strip 
away from the glass, pressing down the corner to make a neat joint. Now turn 
the slide over once more so as to join the ends of the binding strip and make 
heat joints at the corners by mitering or clipping out the corners of the binding 
tape, being sure to rub the edge of the binding tape firmly down before pressing 
the sides of the strips against the glass. This should give a slide with edges 
thoroughly covered and the paper well-pressed home at the corners. In this 
way the binding is everywhere in contact and thoroughly smooth to the finger 
and thumb when passed along the edges. 

A special revolving type of lantern slide vise may be used to hold the slide 
and cover glass in contact, thus leaving both hands free for the binding. It is 
Very essential that the masked slide and its cover glass be thoroughly dry 
before binding. They may be placed near a stove for a few minutes for this 
purpose. Bon Ami or other cleaning powders which will not scratch glass may 
be used for cleaning the cover glass. Care must be taken that no scratches 
or flaws are left on the cover glass, as they will show plainly when projected. 
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e. Marking the slide—The slide should be marked so as to indicate the 
manner in which it should be inserted in the projection lantern. The mark 
pasted upon it is usually a tiny, paper disk called “ the operator’s thumb spot.” 
This is very important in the case of slides made from aerial negatives, for, 
unless a rule is followed, the right or left of the territory photographed can 
not be determined. The rule that should be followed, when affixing’ the opera- 
tor’s spot, is to hold the slide right-side up, emulsion side toward the operator, 
and affix the spot in the lower left-hand corner. 

285. Projecting the slide.—To insert a slide in the projection lantern, stand 
on the right side of the projector, facing the screen. Pick up the slide and 
insert it in the lantern-slide carriage with the thumb on the operator’s spot and 
the spot on the right. 

286. Training course.—The exercises which follow have for their purpose not 
only the practical application of the instruction contained in this section but 
also to emphasize the importance of carefulness and cleanliness in lantern-slide 
making. The student should always project the slides made by him and, from 
careful study of the slide as projected, reach definite conclusions as to the cause 
of defects and also learn from the text how to avoid these mistakes in future 
work. 

287. Instruction procedure.—a. See paragraphs 279 to 285, inclusive, and 
from each of the following kinds of negatives make two perfect lantern 
slides : 

(1) A typical ground photograph. 

(2) An oblique aerial photograph, if available. 

(3) A vertical aerial photograph, if available. 

(4) A photograph of the kind used for catalog or illustration purposes. 

(5) A line drawing. 

b. Bind and otherwise completely finish the slides and project them. 

ec. Place an identifying number in the operator’s thumb spot of each slide, 
and, referring to the slide by such number, write a statement giving the kind 
of lantern-slide plate used; method of printing the slide; exposure; qualities 
of the negative from which made; length of time slide was developed; to what 
extent, if any, resort was made to local reduction, and for what purpose; and 
the cause of any defects noted, with an explanation as to how they might have 
been corrected or avoided. 

SEcTION XIII 
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MW YAININ@: “COUTSC2 2 oc es Vato eee eee oe ee ete eee a eee 
Tnstruction:- procedure... see oe ee ee eo eg es 


288. General.—a. Definition—The term “copying” as used in photography 
means the making of a photograph of another photograph, drawing, map or 
similar flat object. The photographic reproduction may be made to the size 
of the object photographed or a certain proportion thereof. 
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b. Necessity.—Copying in military photography ordinarily includes the re- 
production of photographs, photographic mosaics, maps and line drawings. 
While the best reproduction is always obtained in a print made direct from 
the original negative, it often happens that the negatives have been broken 
or destroyed or are not obtainable and in such a case, a copy must be made 
from a print. Also, as it is customary to make only one original photographic 
mosaic, copying is the method used for reproducing it in quantities sufficient 
for actual needs. Not infrequently a map is reproduced photographically 
for the purpose of obtaining a reproduction of a different scale and thus make 
the copies more suitable than the original map for use in photographic mosaic 
making, the performance of aerial photographic missions and similar purposes, 

c. Apparatus.—Generally speaking, copying may be done with any kind of 
camera, provided the bellows extension is sufficient for producing a copy 
large enough for the purpose desired. For instance, the view camera can be 
very satisfactorily used. The general requirements in copying are that the 
original be parallel to the plate or film in the camera and its center perpen- 
dicular to the axis of the lens and also that it be sufficiently and evenly 
lighted. When the view camera is used in the field, these requirements are 
often met by attaching the object to be copied to a properly lighted wall and 
adjusting the tripod holding the camera so that the surface of the object will 
be parallel to the film. If much of this work is to be done, however, the 
amount of time unavoidably consumed when this method is used in adjusting 
the view camera with reference to the object and in otherwise making the 
copy in the manner indicated can be saved by employing a specially con- 
Structed copying camera. 

289. The enlarging, reducing, and copying camera.—a. General.—Figure 
64 shows the Air Corps type of enlarging, reducing, and copying camera. 
It consists of a camera, similar to the view camera, which is mounted on a 
Stand that also supports the copy board on an extension of the camera bed. 
The principal parts of this apparatus will be described. 

b. Copy board—The detachable copy board is similar in construction to a 
drawing board and is provided in the four corners with adjustable 2-section 
spring clamps called fingers. These are designed for holding the original 
flat against the board and are strong enough to hold a sheet of glass over 
the object in order to hold it flat and without creases or folds. The board 
must be so mounted that it is at all times square with the lens and exactly 
parallel to the focusing screen. This is very important as any deviation from 
this position will cause distortion and loss of definition in the reproduction. 
The center of the copy board and the center of the ground glass focusing 
Screen must all be in a straight line coinciding with the axis of the lens as 
extended, and parallel to the camera bed. 

c. Bellows.—The bellows are of the square type sufficient to provide a 
maximum extension of 56 inches, which is ample to permit of copies being 
made not only of the same size but also of considerably larger size. They are 
attached to the front and to the back compartments and supported in the 
center by the center compartment. By using large square bellows, reflections 
of light from the interior of the camera on the sensitive plate or film are 
avoided. 

d. Front compartment.—The front compartment is designed to hold a lens 
board 11 inches square, or a nest of kits accepting plates from 3% by 4%4 
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inches up to the capacity of the camera, which is 8 by 10 inches. These kits 
are used for holding the negative when the apparatus is used for lantern- 
slide making. 

e. The lens—A lens to be suitable for copying should have a flat field, 
perfect definition over the whole plate and freedom from distortion. Ob- 
viously, an anastigmat lens is required. Aiso, the greater covering power 
of this type of lens permits of the use of a shorter focal length lens in most 
cases so that the operator is not required to employ a copying camera of 
great bellows extension, as is necessary when a lens of long focal length is 
used. (See par. 87 e.) The focal length of the copying lens is also important. 
It should be at least 15 per cent longer than the diagonal of the plate or film 
to be covered. While the preference is often given to a lens of shorter focal 
length because of the lesser bellows extension capacity required, it is a safe 
rule to use when possible a lens of a focal length indicated. A lens of ample 
focal length permits working at greater distance from the original, thus 
affording more equal illumination. Moreover, with the smaller view angle 
of the longer focus lens less trouble will be encountered from surface irregular- 
ities or gloss in the subject being copied. The lens may be mounted in a 
diaphragm shutter or in barrel mounting with iris diaphragm in which case 
the exposures must be made by use of a cap. Photographic filters are some- 
times placed over the lens. Instructions for the use of these screens are 
given in Section XIV. However, a lens hood which will cut off all light from 
the lens, except that reflected from the subject being copied, will be found 
to assist the operator in securing a clean, crisp copy negative. The effect of 
reflected light is much more noticeable in copying than in ordinary view work 
or portraiture. 

f. Center compartment.—The center compartment is similar in construction 
to the front compartment, in that it is designed to take a lens board or a 
set of kits. When it is thus used, access may be gained to the lens or kits 
through a door in the side. On the lens board designed for this compartment 
the short focal length lens required in reducing may be mounted. 

g. Back compartment.—To the back compartment are attached the bellows 
and also the back frame which carries the focusing screen. 

h. Back frame.—The back frame which carries the focusing screen is made 
detachable and reversible in order to enable the operator to make the copy 
with the long side of the plate or film either in a horizontal or a vertical 
position. 

i. Focusing screen.—The focusing screen is not removable from the back 
frame but is so hinged that it may be separated sufficiently from the frame 
to permit the insertion of a holder containing the plate or film, which, when 
the holder is in position, is in the same plane as that occupied by the screen 
while focusing. When the ground glass of a focusing screen is found to be too 
coarse for use on the copying camera it should be replaced by a sheet of fine 
grained, patent plate glass of a kind made especially for this purpose. If this 
be impracticable, a little vaseline should be rubbed on the ground side of the 
glass available and the grease should then be almost entirely polished off with 
soft tissue paper. In conjunction with a good focusing screen a magnifying 
focusing glass is useful. 

j. The plate holder.—The plate holder designed for the copying camera under 
consideration is of the book type; that is, it opens for loading like the covers 
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of a book. It accommodates either a single plate or a sheet of bromide paper 
or a cut film, provided a sheet of clear glass is first inserted in the holder as 
a support for the film or paper. 

k. Focusing knob.—Attached to the back compartment of the camera, and 
running in a slot in the camera bed, is a knob for moving the back of the camera 
in focusing. Focusing is accomplished by moving this knob backward and 
forward on its track until the image is approximately in focus, then tightening 
the set screw on the knob and effecting critical focus by merely turning the 
knob. 

l. Camera bed.—The base on which the front, center, and back compartments 
of the camera move is of hardwood, so made that it will take a detachable 
front extension for supporting the copy board. 

m. Stand.—The support for camera and bed is made of hardwood and con- 
structed in two parts so pivoted that the upper part holding the camera may 
be tilted at any angle desired. This movement permits of the copying of ob- 
jects with the camera in a vertical position. 

n. Care of apparatus.—The camera must never be roughly handled and should 
always be kept scrupulously clean and free from dust. The parts of the ap- 
paratus that require it should be properly oiled. If an adjustment fails to work, 
it should never be forced, but a careful inspection made to find the cause 
of trouble, and when discovered the necessary repairs made. For the care and 
protection of the camera use a light machine oil, which will not only act as a 
lubricant but should be used for cleaning and polishing all metal and wooden 
parts, as it also helps to keep down dust and prevent damage otherwise caused 
by moisture. Such an oil may be used on all parts of the camera if care is 
taken that none is allowed to reach the glass of the lens or the interior of 
the plate holder, where it is likely to contaminate the sensitive plate. The 
eopying camera should always be supported along the entire length of the bed 
and care taken to avoid strain, such as the projection of the camera bed beyond 
the stand, which might throw the apparatus out of alignment. The lens must 
be kept clean and free from finger marks. In copying too much care in this 
regard can not be taken with the lens. 

290. Improving the copy.—Before a photograph, map, drawing, or the like 
is placed on the copy board it should be examined carefully to see whether it 
is in the best condition for copying. It may be soiled, dirty, or creased, and 
if photographed in thts condition the dirt or folds in the paper will appear 
conspicuously in the reproduction. Creases in photographs can often be re- 
moved by simply wetting and redrying the prints. The mounting of such a 
print with adhesives (par. 264) is also a help. A soiled print can sometimes 
be improved by sponging it with a tuft of cotton dipped in alcohol. When time 
is a factor, an unmounted print may be wetted and squeegeed to glass and then 
copied through the glass, when both dirt and creases will disappear. A map 
or line drawing can be cleaned with art gum or sponge rubber. Before attempt- 
ing any improvements in the copy, the operator must realize that the copy is 
valuable, and the greatest care possible must be taken with it, otherwise it 
would not have been given for reproduction. Before any attempt is made to 
clean or restore a soiled photograph it should first be copied, and after a good 
negative has been obtained the operator may then proceed with cleaning and 
otherwise putting the print in as good condition as possible, and if, unfor- 
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tunately, through some unforeseen circumstances, the original is damaged in 
the attempts made to improve it a good copy will exist. 

291. Selection of plates or film.—a. Photographs.—For the copying of ordi- 
nary photographs any plate or film of ordinary speed can be used. Pilates of 
excessive speed are not the best to use for any kind of copying because of their 
lack of latitude and coarseness of grain. Good results may be obtained with 
the following materials or with plates or films of emulsions similar in speed 
acd gradation: 

Plates—Cramer’s; Isonon, medium; Eastman’s 36 (formerly 26 X); East- 
man's D. C. Ortho (formerly known as Standard Orthonon). 

Film—Eastman’s Commercial Ortho, Eastman’s Commercial. 

The list given is not complete, but merely illustrative, as many other kinds of 
plates or films can be obtained that are suitable. 

b. Line drawings.—The most suitable plates or films for copying line draw- 
ings, uncolored maps, and printed matter and subjects that are rendered in black | 
and white are known as process plates or films. The emulsions of these are 
especially designed to give the amount of contrast required in this work. 

c. Colored objects.—The photographing or copying of colored objects, such as 
blue prints, colored maps, and the like is treated fully in Section XIV. 

292. Copying with the enlarging, reducing, and copying camera.—4. 
Studying the copy.—Before the copy is placed on the holder choice should be 
made of the plate or film, in accordance with the instructions in paragraph 
291. After this is done the best method of reproducing the copy should be 
determined. Every good photograph consists of light portions called high 
lights, and dark portions called shadows, and between the two, intermediate 
shades known as half tones. When one portion of a photograph is just 
enough darker than another for the operator to detect a difference, that 
difference is known as a shade. When a photograph has many shades, vary- 
ing gradually from black to white, it is considered as having good gradation. 
When these gradations are of good color—that is, pleasing to the eye—the 
print is said to have good gradation or tone. In order to give correct repro- 
duction a copy negative of a photograph should render these tones in their 
same relative values. In many cases the reproduction can be made an im- 
provement over the original. For instance, if the photograph has good 
detail, but is.rather flat, the contrast can be increased by manipulating the 
exposure and development of the copy negative and thus produce a more 
contrasty print. The copying of linework, such as line drawing, engravings, 
printed documents, and tracings, requires copying methods which differ from 
those used in a case where the gradation of light and shade is desirable. 
For a line drawing, for instance, density and contrast are the prime essentials 
in the negative. The dark portions of the originals, including the black 
lettering, must appear in the negative as transparent or almost clear glass, 
while the white portions should be almost opaque. From such a negative 
prints can easily be made that will have but the required two shades, white 
and black. 

For mechanical drawings on tracing cloth, or for lettering on thin or 
transparent paper, it is advisable to place a white blotter or similar white 
material back of the copy and place the whole under glass. This method 
prevents the surface of the copy board showing through the translucent copy. 
Process plates or film are most suitable for this work. (See par. 291.) They 
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are also most suitable for any copy in which the extreme of contrast is 
desired, as they are slow and can be much developed and great density 
obtained. 

b. Placing the copy.—The copy must be placed on the copy board so that 
the horizontal axis of the lens and the center of the ground glass will be in 
a straight line. The copy must lie flat. on the easel, otherwise there will be 
distortion and portions of the copy will lose definition due to a part of the 
copy being slightly out of focus. If a copy is extremely troublesome due to 
creases, it can be held flat against the easel by placing a piece of clean, 
transparent glass over the copy and copying through the glass. However, 
glass should be avoided when possible, as it is likely to give troublesome 
reflections. If care is used in placing the lights used for the illumination, 
reflections should not appear. 

c. Lighting—(1) General.—Proper lighting is of great importance in copy- 
ing, since uneven illumination will be more apparent in the reproduction than 
it is on the copy board. If the lighting arrangement is not correct, direct 
reflections from the light source and other bright objects will show on the 
reproduction. This is especially true when copying glossy prints or prints 
held flat under glass. The operator can determine the presence of any reflec- 
tions by viewing the copy with one eye directly in front of or as near the lens 
as possible. However, if the reflections are pronounced they will be noticed 
as ghosts on the ground glass. Reflections must not be present. If they 
can not be avoided by moving the camera or rearranging the lighting system 
they may be partially eliminated by holding during the exposure a piece of 
black cloth in front of the copy. The lens is allowed to protrude through a 
hole cut in the cloth for this purpose. This method will effectively cut off 
the light from directly behind the camera, which is the direction of the source 
of the reflections. 

If the surface of the copy is not smooth, and if the light source is from 
one direction only (that is, either from the side or from the top), the slight 
roughness of the copy will give minute shadows that will impart a grainy 
appearance to the reproduction. If the original is rough, the use of a small 
diaphragm opening on the lens should be avoided, as this tends to exaggerate 
the grain in the reproduction. 

(2) Daylight —The lighting conditions to be fulfilled are very definite, and 
until the operator has mastered every detail of copying, must not deviate 
in any way from the prescribed conditions. If the light source is daylight 
(a window), the light coming in from one side can be used, provided a re- 
flector is placed in a corresponding position on the other side of the camera 
so that the illumination on the easel will be uniform. Figure 65 illustrates 
the proper arrangement of apparatus) When natural light is used the operator 
must also move the camera into different positions in order to obtain the best 
illumination. As the intensity of daylight varies, allowance, therefore, must 
be made in calculating the exposure. The factors governing variations in the 
strength of daylight for photographic purposes are enumerated in paragraph 
97. Reconsideration of them is appropriate at this point. The operator must 
also exercise great care in calculating exposure, as in copying there is not the 
saine amount of latitude in exposure as in outdoor photography. 

(3) Artificial light—On account of its steadiness and constancy, artificial 
light should be preferred to daylight when a large amount of copying is to be 
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done. If, for instance, the operator desires to copy some 25 different photo- 
graphs of the same size so that the copy prints will be uniform in color, a 
light source that is constant should be employed. The necesSary number of 
plate or film holders can then be loaded and the photographs copied quickly 
in succession, as the exposure required for the first, after having been obtained 
by the usual trial and error method, will, under the constant light used, be 
nearly uniform for, or at least a safe guide in, deciding upon the exposure to 
give in copying the remaining photographs. 

The following instructions and diagrams mentioned explain the correct light- 
ing scheme when artificial light is used: 

Mark off on the copy board the largest size copy to be made and focus this 
to the full size of the camera focusing screen. Next fasten a piece of mirror 
(or a negative, glass side out) on the copy so that it just reaches to the edge of 
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FIGURE 65.—Copying by daylight 


the copy. (See fig. 66.) Now, have an assistant hold a lamp or a candle a few 
inches from that side of the camera (fig. 67) and without moving the lens front, 
rack in the camera bellows and focus the image of the lamp reflected in the 
mirror. (The copy board itself will then, of course, be out of focus.) If the 
lamp is not in the right position for this, have the assistant slowly move it 
about until the image is seen on the focusing screen. Having found this posi- 
tion for the lamp observe the image on the screen and ask the assistant [0 
move the lamp slowly away at right angles from the camera until its image 
moves Off the screen. At this point, having had the lamp moved vertically uP 
and down to make certain that its image can not be Seen on the screen, have the 
lamp fixed at this point. Now take a long piece of string or thread, fasten 
one end at the outside edge of the mirror and stretch it in a straight line out 
into the room so that the string passes directly over the lamp. Repeat the 
performance for the opposite side of the camera. The divergent lines thus 
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secured form an angle within which the source of light for illuminating the 
copy must not be placed. (Fig. 67.) All bright objects within this angle must 
either be removed or covered with dark cloths. The camera front itself must, 
of course, also be in shadow. Any kind of artificial light may be used for 
copying. Probably the most common types of electric light are the mercury 
tube and the carbon are light. 

Air Corps photographic sections are furnished with light known as type A S 
B-1, which is a 220-volt 15-ampere carbon arc light. Possible variation in 
voltage can be taken care of by a rheostat attached to the light. The light is 
adjustable for height and swings on its mount either to the right or left. This 
is the same type light furnished for use with the transforming printers. (See 
TM 2170-6.) The light is diffused by means of a ground or white glass placed 
in front of the carbons. 

The mercury lights formerly furnished to the Air Corps and still in use in 
some photographic sections were the Cooper-Hewitt mercury lights, 52-inch 
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FIGURE 66.—Lighting the copy correctly—position of mirror 


(type F), using 110-volt alternating current, and the tubes mounted to give 
horizontal or vertical adjustment. 

Due to their strength, either light will give even illumination on large-size 
copies. 

If these lights are not available, a satisfactory arrangement would consist 
of fitting four or eight 50-watt tungsten bulbs around a rectangular or circular 
opening about 10 by 12 inches in size in a board measuring approximately 3 
feet square, supported on a frame stand and placed between the camera and 
the board holding the original to be copied. The side of this board facing the 
original should be painted white or covered with white paper, and the other 
side facing the camera painted dead black. The lamps should be fixed so that 
the fllaments are parallel with the light board and not with the tips facing 
the original. Regardless of the kind of artificial light used, the lights must be 
placed at equal distances from the copy or uneven illumination will result. 

dad. Focusing.—lIt is very important that the focus in copying be sharp. In 
copying a full-toned picture which shows no well-defined lines or objects a 
piece of printed matter or other clearly defined image may be placed on the 
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face of the copy as an aid in focusing. Focusing should always be done by 
moving the back compartment of the camera, which carries the focusing screen 
of ground glass. Never attempt to focus by moving the lens or copy board, 
as the size of the image changes with every change of distance from copy 
to lens. Focusing should always be done with the lens at full aperture; that 
is, with the stop wide open. By sliding the back compartment on its bed the 
focus may be found roughly, then the set screw should be tightened and the 
critical focus be found by turning the knob provided for the purpose. It is 
best to focus on the image of some point which shows plainly about midway 
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FicurRn 67.—Lighting the copy correctly—positions of lights and apparatus 


between the center and the edge of the object being copied. When the lens 
is then stopped down the image should appear equally sharp all over. To obtain 
this result it is necessary that the copy board be parallel to the focusing screen. 
If there is any doubt about this, a simple test is to place upon the copy board 
a piece of white paper upon which is an accurately drawn square in black ink. 
A better method is to draw the square on the center of the copy board itself, 
thus making it permanent. Focus the camera on the square in such a manner 
as to produce an image of the Same size and observe the image on the focus 
ing screen. In case the copy board and screen are not parallel the image will 
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appear slightly distorted, in which event the copy board should be adjusted until 
the distortion of the image disappears. 

Care must also be taken that the copy lies flat upon the board; otherwise, 
portions of the picture will be found to be slightly out of focus in the reproduc- 
tion. If considerable difficulty is experienced in this respect, a clean sheet of 
glass may be placed over the copy to hold it flat, although this should be 
avoided if possible, as reflections are likely to appear. 

Before focusing, it should always be seen that the set screw holding the 
copy board to the bed is tightened and also that the lens is screwed securely 
in place in the front board, as any movement of lens or copy will affect the 
sharpness of the image. 

e. Exposure.—(1) Factors.—In calculating the exposure when copying, it 
is necessary to consider the nature of the original copy; that is, as to color 
and brightness, the photographic intensity of the light, the speed of the plate 
or film, the amount of reduction or enlargement—camera extension—and the 
size of lens aperture. 

Referring to each factor the student must learn these facts: 

(a) A dark or yellowish copy will require a longer exposure than a 
bright copy of black and white. 

(b) Accuracy in judging intensity of the light can be acquired only from 
practical experience. For the best results a good actinic light 
must be provided. 

(c) The exposure will obviously be longer when a process plate is used 
than when a faster plate is employed. 

(d) As the copy is enlarged, the required bellows extension becomes 
longer. The brightness of the image on the ground glass focus- 
ing screen varies inversely with the square of the bellows exten- 
sion. Consequently, the exposure varies in the same ratio. For 
example, if two copies were being made, one of the same size as 
the original and the other reduced to one-quarter scale, the ex- 
posure of the one to exact size would *e a little over 2.6 times 
that of the one of one-quarter scale. From this it can be seen 
that the copy is reflecting the same amount of light at each ex- 
posure, but in the one to one-quarter scale the light is converged 
to a smaller area and travels a shorter distance to the ground 
glass. Other conditions being equal, the exposure varies with the 
square of the bellows extension (amount of reduction). If the 
bed of the camera has been marked with a scale, the factor for 
determining the exposure for different reductions can be told at 
a glance. 

(¢) When a lens has been stopped down a smaller amount of light is 
permitted to enter the camera just as a small window admits less 
light to a room than a large one. (See par. 74.) The beginner is 
apt to think that if the lens marking indicates a speed of f-10, for 
instance, that the speed remains constant. This is not true. When 
a photograph is taken of a fairly distant object on a much reduced 
scale, the lens apertures, or f values marked on the diaphragm 
scale, are sufficiently correct as indicating the speed of the lens for 
use in calculating the exposure. In such outdoor work the camera 
extension or lens to plate distance is normal or almost at the focal 
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length of the lens. In copying, however, objects are photographed 
near the camera and on a fairly large scale, sometimes, in fact, 
larger than the original, and the camera extension is constantly 
changing, being much greater than that required in focusing dis- 
tant objects. With th:s change in camera extension, or lens to 
plate distance, the f numbers on the lens mount or diaphragm 
scale no longer indicate the actual working apertures, and therefore 
no longer afford a guide to the exposure required. The rule for 
finding the actual working aperture of an f number in any case 
is to multiply the f number in use by the camera extension and 
divide by the equivalent focal length of the lens. Thus, f-10 ona 
16-inch lens with a camera extension of 20 inches becomes f-125, 
and the rule for calculating the exposure at the new setting is to 
increase the old exposure in the proportion of the square of the 
increased focal length to the square of the original focal length. 

(2) Trial exposwre—When not familiar with lighting conditions, it is best 
to make a trial exposure, as this will give an accurate check on all exposure 
factors. A series of exposures can be made on the same plate or film by with- 
drawing the slide a little at a time so as to uncover and expose strips on the 
plate of about at least 1 inch in width which will receive a certain number of 
multiples of the uniform exposure given. These exposures should vary with 
reference to each other by at least 50 per cent and notation should be made as to 
the number of exposures received by each strip. After normally developing the 
plate, the exposure giving the best result should be selected. 

After obtaining the correct exposure for one copy, the operator should 
be able to determine the subsequent exposures, without the making of trial 
exposures, by merely taking into consideration the previous exposure and any 
variation in the intensity of light. All] the exposure factors are constant except 
light intensity. Having learned the exposure for one size of reduction, calcu- 
lations can be accurately made for any amount of reduction, diaphragm open- 
ing, or any kind of subject to be copied. 

f. Developmcnt.—Copy negatives are usually developed in a tray, the comple- 
tion of development being judged by inspection. For process plates or films, a 
developer made according to the formula appearing in paragraph 188 is used. 
For copies on other kinds of plates or films, a developer prepared according to 
the formula appearing in paragraph 187 is used. As the developer recommended 
for process films and plates contains sodium hydroxide, the operator should not 
keep the hands in the solution for any appreciable length of time. The operator 
should also handle the plates and films in this developer in such a manner as to 
prevent the warm hands from coming in contact with the emulsions, as under 
such circumstances sodium hydroxide will soften and loosen the emulsion from 
its support very easily. In quantity production the operator can employ one 
of the tank methods of development described in paragraphs 225 and 226. 
However, if the subjects vary considerably in size and color, little, if any, 
time will be saved by using a tank, as it will be difficult at the first trial to 
expose every plate or film correctly. 

g. Judging the copy negative-—The maximum amount of density obtained in 
development depends upon the length of the exposure. An underexposed 
negative will never gain full density, however long development may be con- 
tinued. On the other hand, an overexposure gives an excessive amount of 
density. 
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The amount of contrast also depends upon the kind of plate used, as it 
will be found that fast-working plates give less contrast than the slow plates. 
For the maximum contrast possible a process film or plate should be used. As 
stated in paragraph 291 b, they are the most suitable materials for copying 
line drawings, uncolored maps, printed matter, and other black and white sub- 
jects. For the reproduction of ordinary photographs, photographic mosaics 
and the like process plates and films are unsuitable, as they work with too 
much contrast and fail to give sufficient gradation of tone to produce desirable 
results. The general rule is that the faster the plate used the less the amount 
of contrast it is possible to obtain. When copying, the operator should choose 
the plate most Suitable for the subject, always keeping in mind whether maxi- 
mum contrast or true tonal values are desired in the reproduction. 

293. How to copy to scale.—a. Definition of “ scale” and “ area.”—The scale 
of a reproduction is the ratio between any given line in the original and the 
reproduction; that is, if an 8 by 10 inch picture is reproduced to half scale 
it would be 4 by 5 inches in size. The terms “scale” and “size” are some- 
times confused. If an 8 by 10 inch copy is reproduced to half scale, the 
new copy would be 4 by 5 inches, or the area of this new copy would be 20 
square inches. If an 8 by 10 inch print were copied to half size it would con- 
tain 40 square inches. Therefore, “scale” is a proportional difference in lines 
or distances, whereas “size” is the proportional difference in area. If it is 
necessary at any time to copy a map or mosaic, and it is desired to make it 
cover a given area in the reproduction, the area can be determined by the 
following proportion: 

The square root of the given area is to the square root of the required 
area as one side of the original copy is to the corresponding side of the copy 
to be found, which may be represented by X. 

The other side of the copy to be determined is found in the same manner, 
using the corresponding side of the original in the proportion. 

Illustration: Copy an 8 by 10 inch print to contain one-half its area, or 40 
square inches, 


J/80 : 740 :: 8:X 


80 : 740 :: 10: X 


This gives the two sides of the new copy, which multiplied together will 
give 40 square inches. 

b. Determining the focal length of the lens.—Since it is necessary that the 
focal length of the lens used in copying be known, in order to determine the 
variation in exposure, and also to make copies to scale rapidly, a simple rule 
follows for finding this focal length in the event it is not given. This rule 
does not apply where precision is desired, as no provision is made for determin- 
ing the nodal separation of the lens. Place a piece of paper almost the length 
of the ground glass on the easel, preferably of printed matter. Focus on this 
with the lens wide open and secure a Sharp image on the ground glass of 
exactly the same length as the sheet of paper. The distance between the 
easel and the ground glass will be four times the focal length of the lens. In 
all probability this will vary from the exact focal length of the lens by approxi- 
mately sy inch, as it does not take into consideration the distance between the 
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two nodal points of tlie lens. However, for roughly determining the size of 
copies it is sufficiently accurate. 

c. Copying to any desired scale.—It is more convenient when making many 
copies to determine both the distance between the lens and sensitized material 
and lens and the easel on which the copy is to be placed. The focal length of 
the lens multiplied by the scale, plus 1, is the distance between the rear nodal 
point of a lens and the sensitized material. This answer divided by the 
scale of reduction or enlargement equals the distance between the front nodal 
point and the easel on which the copy is to be placed. To illustrate: 

Let 

f = focal length 
nm = scale of desired copy 
pp’ = nodal separation 
f (n+ 1) = distance from rear nodal point to sensitized material 


City = distance from front nodal point to copy 

Substituting figures in a case in which it is desired to make an 8 by 10 inch 
copy to one-half scale with a 12-inch lens having a nodal separation of one- 
fourth inch, the result is 
12 (144+1)=18 inches, distance from rear nodal plane to sensitized material 
eA OTD) 36 inches, distance from front nodal plane to easel 

If the distance from sensitized material to copy is desired, add one-fourth 
inch (pp’) to the combined distances as determined by the method given above 
or in this case, 18+36+ 4 =54\ inches. 

d. Use of rulers.—Much time can be saved by attaching two rulers on the 
bed of the camera, each reading with “O” at the lens, and with the numbers 
of one increasing toward the easel; and the numbers of the other increasing 
toward the ground glass. A pointer should be placed at the focal plane, one 
at the diaphragm of the lens, and one at the easel, close enough to the rulers 
to be read accurately. By figuring the lens-to-easel and the lens-to-ground-glass 
distance by the method given in b above, the setting for any desired scale can 
be roughly found. This method is also convenient for determining the expo- 
sure, s:nce the amount of the required exposure decreases as the square of the 
distance between the lens and the sensitized material increases. Applying this 
method and presuming the use of a 12-inch lens as in the illustration in } 
above, the Jens would be at the point “ O,” the easel at a point 36 inches from 
the lens on one ruler, and the ground glass 18 inches from the lens on the 
other scale. If the exposure for this copy were found to be 10 seconds, and 
another copy were made to exact scale, where the ground glass would be 24 
inches from the lens, the exposure would be approximately 144 times as much, 
or 18 seconds, 

294. Mosaic copying camera.—a. General.—Aerial photographic mosaics are 
usually made of such size as to make it impracticable to copy them in sections 
and to scale with the enlarging, reducing, and copying camera described in par- 
agraph 289. <A special mosaic copying camera has, therefore, been designed by 
the Air Corps for this work. A photograph of this outfit is shown in Figure 68. 
It will be observed that the outfit comprises the easel, known as the mosaic 
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map holder, camera, lens, camera bed, stand, focusing screen, adapter back, 
film holder, and lights. Each of these units will be described in detail. 





FiGuRE 68.—Mosaic copying camera 


b. Easel.—The easel or mosaic map holder is built separately from the camera 
and stand and consists of a board, balanced by counterpoise weights, which is 
suspended in a frame resting on rollers attached to a second frame that is 
fastened to the wall of the laboratory. This manner of suspending the board 
permits of its being raised or lowered like a window and also of its being 
moved back and forth in front of the camera which is stationary on its base. 
The scales at the bottom and on one side of the copyholder indicate the amount 
of elevation or side movement of the easel proper. Clamps which may be fitted 
into any desired perforation in the easel board are designed for holding the 
mosaic against the board. The board is 10 feet in length and 4 feet in width, 
so that a mosaic on a mount up to a maximum size of 74% by 9% feet can be 
successfully copied in a series of overlapping negatives. 

c. Camera.—The camera resembles a mammoth view camera. It has a 
single bellows extension of 52 inches and can accommodate a film or plate 
not greater than 24 inches square. 

d. Lens.—The lens furnished with the outfit is either a Carl Zeiss, Goerz, or 
Bausch & Lomb process anastigmat of a speed of f-10 and a focal length of 
25 inches. Its mounting is fitted for waterhouse stops. 

e. Camera bed.—The camera is mounted upon a wooden framework bed that 
rolls on the tracks of the metal stand. 

f. Stand.—The stand is of metal construction which is so affixed to the 
floor of the laboratory that it will be exactly perpendicular to the copyholder. 
Sufficient trackage is afforded by the stand to enable the operator to move the 
camera while on its bed to any desired distance from the copyholder. 

g. Focusing screen.—The focusing screen in a wooden frame is fastened to 
the back of the camera. The movement of the camera front is actuated by the 
center crank in the end of the bed below the screen and the movement of the 
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whole camera by a small wheel actuating rollers attached to the bottom of the 
camera. 

h. Adapter back.—The focusing screen is interchangeable with an adapter 
back containing a standard 8 by 10 inch focusing screen, which is mounted in 
the same manner as the focusing screen on the view camera, thus permitting 
the use of 8 by 10 inch size film or plate holders. 

i. Film holder.—The full size 24 by 24 inch film holder is interchangeable 
with the focusing screen and is designed to hold one plate or cut film not 
larger than 24 inches square. When loading the holder with either a glass 
plate or a cut film a sheet of clean, clear plate glass must first be inserted so 
that the plate or film can be held against this glass by the pressure back of the 
holder. A laminated-wood roller curtain serves the purpose of a dark slide. 
Whenever the adapter back or film holder is used, the focusing screen must 
first be removed from the back of the camera. 

j. Lights.—Lights of the kind referred to in paragraph 292 c (3) are used 
with this outfit. With these lights are furnished detailed instructions for their 
installation, care, and maintenance. In placing the light the principles explained 
in paragraph 292 c (3) must be applied. 

295. How to copy with the mosaic copying camera.—a. Mosaics suitable for 
copying.—In paragraph 251 an attempt was made to describe the tone of photo- 
graphs designed for mosaic assembly which would yield the best copy. As 
is obvious from that paragraph, either the mosaic assembler should be the 
one who will ultimateley copy the mosaic, or at least the closest cooperation 
should be maintained between the man laying the mosaic and the one who 
will afterwards copy it. Therefore, suggestions from the copying department 
to mosaic printers as to the color or depth to which the mosaic prints should 
be developed are valuable. If the considerations treated in paragraph 251 are 
strictly adhered to, the copy of a properly printed mosaic should be as good 
as the original mosaic. 

At the time the special mosaic copying camera (fig. 68) was designed it 
Was the belief that mosaics would frequently be assembled on large size 
mounts and a copyholder was, therefore, devised to hold these large com- 
posite pictures. When a mosaic covers an area that would otherwise require 
a large mount, it is now the practice to assemble it in sections. (See TM 
2170-6. ) 

b. Attaching mosaic to easel.—For the purpose of describing the operations 
required in the copying of a mosaic with the special mosaic copying camera, 
it will be assumed that a mosaic 38 by 46 inches is in hand for copying. 
Such a size mosaic could be copied on four 20 by 24-ineh negatives and still 
give the necessary overlap. The working directions for the necessary op- 
erations would be as follows: 

Fasten the mosaic to the large easel by means of the clamps furnished. 
In case these clamps will not hold the mosaic flat against the easel, use four 
ordinary 4-inch carpenter’s C clamps. It is perhaps more satisfactory if 
strips of a good grade of wood about 1% by 14% inches and 4 feet in length 
are placed over the margin of the mosaic and the C clamps hooked over the 
top and bottom of the mosaic to hold it firmly to the easel. 

After thus securing the mosaic solidly to the easel (which is necessary in 
order to eliminate distortion in the copy), see whether the easel itself is 
solid against the upright supports that hold it. Four small rollers will be 
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observed at the ends of the easel that should roll against the frame. If for 
any reason these rollers spring away from the frame, distortion will result. 
The rollers can be brought in place by securing some 1-inch rubber bands 
(obtainable by cutting up a discarded inner tube from the tire of an air- 
plane wheel) around the frame and hooking them to screws fastened to outer 
edge of easel. It is assumed that the camera is set up in such manner that 
the axis of the lens is perpendicular to the plane of the copy. 

c. Lighting the mosaic.—With a black cloth cover all the mosaic that is 
not to be copied. The mosaic is thus covered to prevent the general reflection 
from destroying fine detail in the copy. Arrange the lights in such a manner 
that no reflections from the overlapping prints will show on the ground glass. 
This is important. 

d. Selecting the film.—The kind of film to be used depends entirely -upon 
the nature of the mosaic being copied. Film such as Eastman’s Commercial 
Ortho or Eastman’s Commercial fitm is ideal from a photographic standpoint. 
If the subject is inclined to be flat, use the plain Commercial grade. 

e. Loading the film holder.—The film holder is designed for 24 by 24 inch 
film, but 20 by 24 inch is used because it is a commercial size and is always 
obtainable. When it is loaded it will be noted that there is a margin on each 
side of the film of slightly more than 2 inches and one at the ends of approxi- 
mately half an inch. To facilitate loading the film, a guide may be made of 
celluloid or stiff cardboard in the shape of a carpenter’s square and first 
placed in the holder on the plate glass and afterward the film inserted in the 
corner. It is necessary that the film be loaded in the center of the holders 
because the 25-inch focal length of the lens furnished with the camera does 
not cover the margin of the film with any too great sharpness. This is also 
necessary when copying in sections, because if one film is loaded a little off 
center the margins of the finished copies will not properly overlap and this 
may require the remaking of the whole set of copies. Before loading the holder 
clean the glass with chamois skin or soft material that will not scratch it. 
Jar the edge of the film against a table to shake off the surface any dust or 
particles of ground-up paper that may have been inclosed with the film in the 
container. It is difficult to make copies on this size film without some dust 
spots appearing on the finished negative. 

f. Focusing.—In focusing, the small hand crank which will be found in the 
center of the base at the back of the camera is used. This racks the lens 
forward or backward as needed. To place the camera farther from or nearer 
to the subject, roll the camera on its base to or away from the subject to the 
extent needed. When the image is of the correct size and to scale and is 
sharply in focus, lock the camera securely in position and tighten the hand 
clamp which is on the base of the camera and designed for that purpose. 
Obviously, neither the focus nor the scale should be changed until a complete 
set of negatives is made. On the right and left of the focusing crank are 
two similar cranks for adjusting the lens vertically and laterally. Center the 
lens in the middle of the lens board and leave it there. Do not attempt to 
make mosaic copies with the lens lowered or to the side, because the lens 
will not sufficiently cover the film unless it is accurately centered on a 20 by 
24 inch film. This adjustment can not be used to assist in moving the mosaic 
vertically and laterally. The first copy of the mosaic can be in any corner, 
but, for the purposes of illustration, it will be supposed that the start is made 
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in the upper left-hand corner. Move the easel until the upper left-hand corner 
of the mosaic is shown on the ground glass in the manner it will appear in 
the negative. It must be borne in mind that only a 20 by 24 inch area of the 
ground glass is being used. Such an area should, therefore, be marked off in 
two rectangular plottings both 20 by 24 inches, but one vertical and the other 
lateral, similar to the markings on the focusing screen under the hood of the 
graflex camera. (See par. 143 ¢c.) Allow approximately one-half inch for the 
cutside margin of the negative. This will be on two sides, the upper and the 
extreme left of the mosaic which, of course, will be the right-hand side of the 
ground glass. Note the position that the corners have on the scales on the easel. 
It is best to put down their readings both on the scale and to the left of the 
large easel and on the bottom. 

g. Trial exposure—Make a test exposure. For economical reasons, this 
should be done on an 8 by 10 inch film, using the adapter back for the film 
holder. Or it can be made on an 8 by 10 inch film, placed in the larger holder. 
It is always advisable to make this test exposure and develop it. Afterwards 
study it carefully to see that perfect sharpness has been secured and that it 
is exactly the kind of negative best suited for the required purpose. Note the 
developing time as well as the time of exposure. 

h. Making the separate exposures.—Having determined the correct exposure 
in the manner explained, proceed with the copying of the mosaic in sections. 
The four exposures required in the case being used as an illustration should 
be made as follows: Exposure No. 1—Make on 20 by 24 inch film. Reload film 
holder, attach to camera and move the easel laterally 19 inches. 

NotTe.—When copying to scale, it is best to use the scale on the easel and measure 
the movement by the number of inches the copy is moved than to try to judge the amount 
from the ground glass. 

Now make exposure No. 2, then raise the easel 23 inches and make exposure 
No. 3, and then slide the easel 19 inches laterally again and make exposure 
No. 4. The length of exposure for each of the four films should be identical. 

4. Developing and finishing the film.—Development should be by the time 
and temperature method. It is not advisable to develop more than one film 
in a tray at atime. The ideal method would be to develop all four films in a 
tank, giving them the same length of development. If care is exercised they 
can all be developed with the same contrast and density in a tray. They 
should be developed in solutions of exactly the same temperature. It is not 
advisable to develop more than two films in the same batch of developer. Note 
the temperature before the second film is immersed and make allowance for 
an increase or decrease in temperature. Also add a little to the developing 
time on account of the slight decomposition of the developer in the process of 
development. In making a mosaic copy keep the exposure down to the mini- 
mum and develop fully. If you wish to reduce the contrast in the mosaic, 
change the development time and not the exposure time. Overexposing copies 
and underdeveloping them will give flatness of a kind, but it will not give 
detail. The exposure as compared with the average in general photography 
must be correct in copying. If it is desired to secure flat negatives, reduce the 
time of development. To avoid scratching the film in the tray, place the 
trays close enough so that the film may be slid from one tray into the next. 
In warm weather the film can not be lifted clear of the developer and held 
for any length of time without injuring the margin of the emulsion. It must 
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be borne in mind that the entire area of the negative is to be used. There 
is not even a slight margin on the negative from the rabbetted edge in the 
holder, but the extreme edges will contain an image which must be used. 
After rinsing, fixing, and washing in the usual way, gently sponge off the 
back and face of the film with a large tuft of wet cotton, then rinse the film 
in clean water and hang up to dry. Attach the film clips (only two are 
needed) in the very margin of the film. Film clips so attached will hold as 
firmly as those that are placed a quarter or a half inch from the edge of the 
film. Many good negatives are spoiled, or at least a considerable part of 
them that is otherwise usable is lost by making the clips grasp the film too 
far from the edge. When once suspended by clips the film should be per- 
mitted to dry without further handling of any kind. 

j. Printing the film—The Air Corps type M contact printer is especially 
designed for the making of prints from copy negatives made with the mosaic 
copying camera. A photograph of this printer is shown in Figure 69. In lieu 
of a pressure platen, this printer is equipped with a suction or vacuum type 
platen that holds the negative and sensitized paper in contact. It is equipped 
with forty-nine 75-watt half frosted lamps; two 40-watt tubular Mazda B ruby 
lamps and a ground plate glass diffuser. It will accommodate films and paper 
up to 24 inches square. The vacuum pump should be kept filled with medium 
grade motor oil. Avoid the use of oil that is too heavy, such as Liberty oil, 
and oils that are too light, such as a light grade of automobile oil. A medium 
grade of automobile oil lasts longer and cools better than any other grade. 
Occasionally lubricate the two small electric motors, the one that drives the 
suction to the pump and the one that cools the battery of lights. For this 
oiling use light machine oi] sparingly. The number of bulbs contained in the 
printer is inclined to heat the light chamber high enough to break the glass 
plate and ground-glass diffuser, consequently the bulbs should never be left 
on except to expose paper. While this printer is equipped with a cooling fan 
there is no provision for the heated air to escape even though the 
fan drives some fresh air in. Unless the film about to be printed is dense— 
that is, one that will require an exposure of over 30 seconds—it has been 
found advisable to turn out alternate rows each way, leaving but 16 lights 
burning. Sixteen 75-watt lamps are sufficient for printing the average nega- 
tive in about 15 to 20 seconds. These lights can, to a certain extent, be 
turned on where the negative is dense and thus used as a method of dodging. 
However, the lights are so far from the negative that turning on additional 
lamps on one side will assist only when the negative is slightly heavier on one 
side than on the other. 

k. Preparation of the negative.—Before printing a copy negative or set of 
copy negatives inspect them carefully to see that there are no dust spots or 
holes in them. If there are any present, they may be removed by a little water- 
color and the use of a very small spotting brush. The negative should be 
accurately masked and otherwise improved before printing. (See par. 241 g.) 
If there are two or more negatives to be printed from the same mosaic—that 
is, if it is intended to match the new prints together—the negative should first 
be carefully matched to see that there is no distortion in the copy before 
printing. 

l, Operation of the printer._-To operate the type M printer, first turn on the 
main switch of the printer, which will be found to the left and at the extreme 


317 


TM 2170-5 
295 AIR CORPS 


back of the printer when the operator faces the printer as if using it. This 
switch should start the ventilator motor, and turn on the ruby lights. Next. 
place the negative face up on the plate glass as in ordinary printing and upon 
the top of it lay the sensitized paper, emulsion side down. Lower the platen 
and fasten securely with the cam clamps at both sides of the printer. Turn 
on the vacuum pump, noting that the release valve at the back and on top 
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FIGURE 69.—Air Corps type ‘‘M” printer 


of the printer is closed. The suction should hold the rubberized fabric tightly 
to the plate glass and also hold the paper and negative in close contact. Now, 
turn on the light switch, which will be found at the left of the printer and close 
to the operator. Give the required exposure and turn off the switches in the 
reverse order in which they were turned on. Before lifting the platen, open 
the release valve in order to break the vacuum. At both sides of the plate 
glass will be found two little buttons designed to hold the plate glass down. 


318 


TM 2170-5 
_ BASIC PHOTOGRAPHY 295-296 


Before using the machine, the operator should see that these clamps properly 
hold the glass. If the platen is raised with the pump running, or with the 
vacuum unbroken, if these little buttons are not turned sufficiently to hold the 
glass down, the operator is sure to break the large plate glass. Since the paper 
used is the ordinary type of developing out paper, it is handled and developed 
like any other paper of this kind. However, it requires a little practice to 
learn the knack of immersing a 20 by 24 inch sheet of single-weight paper 
under the developer quickly enough to have the entire image appear without 
defects. If the paper develops quickly like Velox, for example, the operator 
must instantly and completely immerse the sheet. With a large sheet of paper 
it may be found more convenient to roll it loosely in the right hand and with 
the left draw the end of sheet through the solution as it unrolls. Obviously, 
when developing sheets of paper of this size, the developer should stand in the 
tray to a depth of at least three-fourths of an inch if uniform development is to 
be obtained. These possible pitfalls when developing large size sheets of 
paper can be largely avoided by using a brand of paper that requires about 2 
minutes to develop. The stay of the sheets in the hypo and in the wash water 
should be the same for each sheet of any set of prints so that the shrinkage 
or expansion will be the same on all sheets. Care should be exercised to see 
that the solutions are kept at the same temperature and that the same amount 
of hardener is always used. 

m. The expansion and contraction of paper.—After development, fixation and 
washing, few papers retain exactly their original size. In the wetting and 
handling required by these operations some of the papers expand and some 
contract. If this expansion were uniform—that is, if the expansion crosswise 
and lengthwise of the paper were the same—allowance could be made for the 
amount thereof when making the negative, but usually the paper will be found 
to have shrunk more in one direction than in the other. Paper distorts more 
in the direction that it was dried when the raw stock was made. Different 
surfaced papers dry with a different percentage of expansion or contraction. 
For instance, it has been observed that the glossy surfaced papers contract in 

drying, while the velvet and rough surfaced papers expand. The rapid drying 

of mosaic copy prints by heat should be avoided, likewise ferrotyping, if the 
contraction or expansion of the paper is to be kept to the minimum. Also the 
prints unger consideration should not be dried between blotters, but laid on 4 
tight cheesecloth or other porous material screen and left to dry naturally in a 
moderate temperature. If steam or any other kind of dry heat is present, use 
a little glycerin in the last rinse water, blot the print thoroughly with clean 
blotters and place on the screen to dry. In fact, it is almost necessary to add a 
little glycerin to this last rinse water regardless of the condition under 
which the prints are dried. Glycerin prevents the prints from becoming too 
dry with a tendency toward brittleness. 

296. Training course.—a. The design of the training course in copying is to 
prescribe practical exercises which will aid the student not only in acquiring 
skill in copying, but in obtaining a thorough knowledge of the operation of 
the various types of copying apparatus used in military photography. In carry- 
‘Ing out these exercises, special emphasis should be placed upon the importance 
.of studying the copy properly ; calculating the exposure correctly ; arranging the 
copying lights; selecting the most su:table plate or film for the subject in hand; 
and correctly developing the exposed plate or film. 
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b. In each of the exercises outlined in paragraph 297 c, d, e, and f, make 
two prints of each negative made and write a detailed criticism of each print, 
giving all exposure, development, and printing data, and state fully how in 
copying, developing, or printing improvement could have been made. 

297. Instruction procedure.—a. Determining the focal length of a lens.— (1) 
See paragraphs 288, 289, and 293 0. 

(2) Employing the method described in paragraph 293 b, determine the focal 
length of the lens on the enlarging, reducing, and copying camera. 

b. Arranging the copying lights.—(1) See paragraph 292 c. 

(2) Arrange properly any standard artificial lighting apparatus on each side 
of the enlarging, reducing, and copying camera. . 

c. Copying photographs.—(1) See paragraphs 289 to 292, inclusive. 

(2) On the enlarging, reducing, and copying camera make a satisfactory copy 
of each of the following kinds of photographs: 

(a) A normal photograph on a glossy surfaced paper. 
(0) A flat photograph on a glossy surfaced paper. 

(c) A econtrasty photograph on a glossy surfaced paper. 
(d@) A normal photograph on a rough surfaced paper. 
(e) A normal photograph on a buff stock paper. 

(3) Make a complete record of the exposure data. 

(4) Develop each film for the normal length of time, and when the negatives 
are dry study them in connection with the exposure data in an endeavor to 
determine the cause of any failure due to incorrect development or otherwise. 

(5) See paragraph 296 BD. 

d. Copying line drawings.—(1) See paragraphs 291 and 292. 

(2) On the enlarging, reducing, and copying camera properly expose two 
films in copying each of the following kinds of line drawings: 

(a) A small line drawing on paper. 
(b) A small line drawing on tracing linen. 
(c) A larger size line drawing on tracing linen. 

(3) Make a complete record of the exposure data. 

(4) Develop one set of the exposures in a developer made according to the 
formula given in paragraph 187. 

(5) Develop the second set of film in a developer made according to the 
formula given in paragraph 188. 

(6) When the two sets of negatives are dry, study the negatives in con- 
nection with one another and also in connection with the exposure data so as 
to learn exactly the value of the process developer in work of this kind and to 
determine the cause of any failures that may have been due to incorrect 
development or otherwise. 

(7) See paragraph 296 b. 

e. Copying printed matter—(1) On the enlarging, reducing, and copying 
camera make a satisfactory copy of each of the following described printed 
objects: 

(a) A page of uncalendered paper printed in medium-size type. 
(bo) A page of calendered paper printed in small-size type. 
(c) A black and white (or uncolored) map. 

(2) Make a complete record of the exposure data. 
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(3) Develop each film for the normal length of time and when the negatives 
are dry, study them in connection with the exposure data in an endeavor to 
determine any cause of failure due to incorrect development or otherwise. 

(4) See paragraph 296 Db. 

f. Copying to scale—(1) See paragraph 293. 

(2) On the enlarging, reducing, and copying camera make a satisfactory copy 
at a seale to be designated, which is other than the original, of each of the 
following: 

(a) Black and white (or uncolored) map. 
(b) Photographic print to exact scale. 

(3) Make a complete record of the exposure data. 

(4) Develop each film for the normal length of time, and when the negatives 
are dry, study them in connection with the exposure data in an endeavor to 
determine the cause of any failure due to incorrect development. or otherwise. 

(5) See paragraph 296 0. 

NoTy.—The training exercises contained in g and h below are intended only for the 
personnel of organizations equipped to conduct them, 


g. Copying a photographic mosaic—(1) See paragraphs 294 and 295. 

(2) On the mosaic copying camera make a Satisfactory copy 20 by 24 inches 
of a photographic mosaic 18 by 22 inches, or a section that size of a larger 
mosaic, first using an 8 by 10 inch film for the trial exposure. 

(3) Make a complete record of the exposure data and develop the film for 
the normal length of time and when the negative is dry, study it in connection 
with the exposure data in an endeavor to determine the cause of any falure 
due to incorrect development or otherwise. 

(4) If necessary, spot the negative and then letter it. 

(5) Make four contact prints on type M printer. 

(6) Write a detailed criticism of each print, giving the kind of film used, 
the exposure, development and printing data and the amount of shrinkage or 
distortion in the scale of the prints, and state fully how in the copying, or in 
the developing, improvements could have been made. 

h. Copying a photographic mosaic in sections.—(1) See paragraph 295. 

(2) On the mosaic copying camera make in sections (or on four 20 by 24 
inch prints that may be joined) a copy of a photographic mosaic approximately 
38 by 46 inches in size, first using an 8 by 10 inch film for the trial exposures. 
~ (3) Make a complete record of the exposure data. 

(4) Develop each film for the normal length of time, and when the negatives 
are dry, study them in connection with the exposure data in an endeavor to 
determine the cause of any failure due to incorrect development or otherwise. 

(5) If necessary, spot or otherwise prepare, each negative for printing, and 
place any desired lettering on it. 

(6) Make four contact prints from each negative that will match in tone. 

(7) Write a detailed criticism of each print, giving the kind of film used, 
the developing and printing data, and state fully how in the copying, or in the 
developing, improvements could have been made. 
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SECTION XIV 
PHOTOGRAPHIC FILTERS 
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298. Copying or photographing colored objects.—When an object, such as a 
map in several colors, is photographed in the usual way, it will be found that 
certain of the colors are not recorded in the photograph with the brightness 
that they appear to the eye. Yellow and red, for instance, will seem too dark, 
while blue will be shown much too light. The result is that important detail 
will be obscured in unnatural dark portions of the copy and likewise other 
equally important detail will not be recorded at all in unnatural light areas. 
These defects are due to the fact that the ordinary negative emulsion is not 
as sensitive to one color as it is to another. In order to adjust the sensitiveness 
of a film to the different, colors of an object about to be photographed, so that 
these colors will appear in the finished photograph in true visual brightness, 
filters are used with films whose emulsions have been made color-sensitive. 

299. Filters.—A filter is a transparent colored medium interposed between 
the object and the film in the path of the light rays reflected by the object. It 
may be a colored gelatin wafer mounted in the barrel of the lens, or it may be 
a colored gelatin sheet cemented between glass and mounted over the front 
or over the rear element of the lens. A filter may be of almost any color. 
Its function is either to screen completely from the film one or more colored 
light rays or to weaken the intensity of certain colored rays or to do both. 
Exactly how a filter accomplishes this will be fully explained in subsequent 
paragraphs. 

300. Scope of this section.—The purpose of this section is to explain the use 
of photographic filters in military photography. While these are employed 
principally in aerial photography and copying, a knowledge of their use, 
together with color-sensitive emulsions, greatly assists the student in learning 
how to appraise correctly one of the important factors involved in exposure 
calculation in any kind of photography, namely, the effect of the color of the 
subject. 

In order to lay the required foundation for a thorough understanding of the 
use of filters and of color-sensitive emulsions, it is necessary that the student 
be given some idea of the composition of daylight or of the artificial light 
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under which the photograph may be taken; something of the nature of color; 
and how the normal human eye is sensitive to the different colors in com- 
parison with the sensitiveness of the photographic film. 

301. The nature of color.—Objects in a landscape, for example, are differen- 
tiated in two ways: First, by the shape, which causes a play of lights and 
shadows, and second, by color differences. Just as the shadows are dependent 
both on the shape of the object and on the position of the illuminant, the color 
differences are due not solely to an intrinsic difference in the objects but to 
the character of the illumination as well. 

Objects are viewed so much by daylight that the fact is usually lost sight 
of that color is conditioned by daylight. A violet, a rose, and a tulip will not 
exhibit the same color differences in daylight as when viewed under the safe 
light used in film development. It is well known that colored fabrics which 
match in daylight may not match in artificial light. 

302. Lizht.—a. Theory as to nature.—According to the generally accepted 
undulation or wave theory the light that comes from the sun is propagated as 
wave motion in a medium called the luminiferous ether which permeates the 
whole universe, including both the spaces between bodies and the bodies 
themselves. Each wave consists of a crest and a valley and the distance be 
tween two successive crests or two successive valleys is the wave length. The 
number of waves per second is called the frequency of vibration. When these 
waves fall on the retina of the eye a sensation of light is produced. The color 
of the light is a function of the waves producing it. The short waves produce 
the sensation of blue, the intermediate yellow, and the long waves red. The 
simultaneous perception of the entire range of waves that affect the eye pro- 
duces white. 

Sunlight, although it appears homogeneous, is really composed of waves of 
infinite number of wave lengths and these component rays can be separated 
by passing a ray of sunlight through a glass prism. The waves will be re- 
fracted or bent, but the bending is dependent on the wave length. Short 
waves are bent more than long ones and, therefore, the light will be spread out 
in a band with the waves arranged in the order of wave length, the short blue 
waves nearest the base of the prism and the long red waves in the end nearest 
the apex. This band is known as the solar spectrum. (See fig. 70.) The 
order of the colors which gradually pass into each other, is as follows: 
Violet, blue, green, yellow, orange, red. Besides the visible rays there are also 
invisible rays beyond each end of the spectrum. Waves longer than the 
longest which affect the eye appear beyond the red end of the spectrum and 
this region is known as the infra-red. Similarly, waves too short to affect 
the eye, but which are of great importance in photography, since they affect 
the photographic emulsions, are found beyond the violet. The region of 
short waves beyond the violet is known as the ultra-violet. 

b. Fraunhofer lines.—Although the various bands of color seem to blend into 
each other and form a continuous strip, as a matter of fact the whole solar 
spectrum is crossed by innumerable fine black lines, called “ Fraunhofer lines,” 
after their discoverer. These lines always appear at the same positions in the 
spectrum and, therefore, the more prominent of them are used as points of 
_reference or landmarks, being identified by certain letters of the alphabet. 
Thus, the line at the end of the visible red is 4; while B denotes the bright 
red; C, the orange red; D, the bright orange yellow; H, the yellowish green; 
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F, the greenish blue; G, the full or indigo blue; and H, the limit of the visible 
violet. Beyond these are lines in the invisible ultra-violet region designated as 
K, L, M, N. (See fig. 71.) The colors may also be identified by numbers 
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Figure 71.—Solar spectrum divided by principal Fraunhofer lines and according to 
Angstr6ém units 


representing the length of the waves in Angstrém units (A. U.), one of which is 
equal to one ten-millionth of a millimeter. It will be seen that the visible 
spectrum extends from 4,000 to 7,000 Angstrém units, and is divided into regions 
which may be broadly termed: 

Blue-violet, 4,000 to 5,000. 

Green, 5,000 to 6,000. 

Red, 6,000 to 7,000. 
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c. The color of an object.—The color of an object is the color of the light 
which it reflects and this is conditioned by the character of the light which il- 
luminates it and by the absorption powers of the body itself. If, for example, 
white light falls upon a piece of white blotting paper it is reflected back un- 
changed, and this material, therefore, has no absorption. If, on the other hand, 
it falls upon a piece of black velvet the white light is almost entirely absorbed. 
Neither exercises selection and is, therefore, not colored. With most objects, 
however, when the white light falls upon them, part of the colors contained 
in the light are absorbed and the rema‘nder are reflected back, and the color 
of the rays thus reflected gives the characteristic color of the object in question. 
As the object exercises selection on the white light falling on it, absorbing some 
radiations and reflecting others, it is said to have selective absorption, and when 
this is known of any object its color is likewise known. ‘Thus, when white light 
falls upon an object painted green most of the red and blue rays are absorbed 
and but little of the green. Consequently nearly all the green rays are reflected 
back and the characteristic color of the paint is green. In the case of any light 
other than daylight, if that light which falls upon the object is deficient in 
certain colored rays which are ord’narily reflected by it, its color under that 
light differs from that which is assumed in a light containing all the unabsorbed 
rays. For example, if a certain object appears green in daylight, it will be 
found, when it is placed under a red dark room light which does not contain 
green, that it appears black. 

303. The color sensitiveness of the photographic emulsion as compared 
with that of the human eye.—The aim in the manufacture of color-sensitive 
emulsions and the filters designed to be used with them is to produce a mono- 
chrome photograph of a colored object in which the tones or intensities of the 
colors will be as they appear to the eye. Therefore it becomes necessary to 
understand how the normal human eye is impressed by the visible colors in the 
solar spectrum. Figure 72 is a diagram of this spectrum showing the component 
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FIGURE 72.—Color-sensitivity curve of the normal human eye 


colors and a line passing through the colors which indicates by its distance from 
the base as it passes through a color the extent of the impression made by that 
color on the eye. Figure 73 is a similar sensitivity curve of an ordinary film. 
Comparison of Figure 73 with Figyre 72 shows a great difference in the relative 
color sensitiveness of the film as compared with the eye and accounts for the 
failure of the film to record the visual value of certain colors. It should be 
noted also when making this comparison that the film emulsion is sensitive to 
certain blue and ultra-violet rays of the spectrum, which are invisible to the 
eye, and, on the other hand, it is almost insensitive to such important colors as 
green, yellow, and red. It is obvious that color reproduction approaching visual 
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luminosity requires that there be a change made in the film emulsion of a kind 
that will make its sensitivity curve nearer to that of the eye and calls for an 


emulsion less sensitive to the ultra-violet and certain blue rays and more sensi- 
tive toward the other end of the spectrum, beginning with green. 
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Ficgurb 73.—Color-sensitivity curve cf an ordinary noncolor sensitive film 


304. Color-sensitizing photographic emulsions.—a. Process.—It luas been 
found that by the incorporation of certain dyes in the emulsion of the photo- 
graphic film at the time of its manufacture the luminosity curve of a photo- 
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Ficurx 74.—Color-sensitivity curve of an average orthochromatic or isochromatic film 


graph taken with such an emulsion can be made to approach nearer to visual 
luminosity. There are a number of suitable dyes, but as far as the present 
purpose is concerned, they may be included in two classes, namely, those 
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FIGURB 75.—Color-sensitivity curve of an average panchromatic film 


that make the emulsion sensitive to green and yellow in addition to blue 
and violet, to which the ordinary emulsion is always sensitive, and those that 
make it sensitive to all colors, including green, yellow, orange, and red. 
The first class is used in the manufacture of orthochromatic or isochromatic 
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films, and the second in the manufacture of panchromatic films. Figure 74 
is the sensitivity curve of an average isochromatic or orthochromatic film, 
and Figure 75 that of a panchromatic film. The curves of color-sensitized 
emulsions differ greatly with the various brands as manufacturers compete 
With one another in their endeavors to produce the most suitable color- 
sensitive plates or films for each of the various needs. 

b. The panchromatic emulsion.—Upon comparison of the curve of the pan- 
chromatic emulsion with the sensitivity curve of the eye (fig. 72) it will 
be seen that the color sensitiveness of this emulsion is the closest approach 
yet attained to the recording of color intensities as the eye sees them. 
Similar comparison of the curves of isochromatic and panchromatic emulsions 
with the sensitivity curve of the eye will also show that at the present stage 
of development, even after color sensitizing, both isochromatiec and panchro- 
matic emulsions remain sensitive to the ultra-violet and violet rays to which 
the eye is insensitive. The photographic problem, therefore, that remains 
is how to eliminate this undesired sensitiveness. This may be solved by 
the use of isochromatic or orthochromatic filters, which are sometimes called 
compensating or compensation filters. The other types of filters used in mili- 
tary photography are known as contrast filters. However, before proceeding with 
the explanation of the nature of filters it is necessary that the student fix the 
following facts in mind with respect to the color sensitiveness of films and 
the general properties of filters. 

c. Classification of emulsions as to color sensitiveness.—According to color 
sensitiveness, films are divided as follows: 

(1) Ordinary films which are very Sensitive to blue and violet; only slightly 
sensitive to green and yellow; and almost insensitive to red. 

(2) Orthochromatic or isochromatic films which are sensitive to blue or 
violet and to yellow and green but not to red. 

(3) Panchromatic films which are sensitive to all colors, including red. 

d. Essential facts regarding filters—The following facts regarding the gen- 
eral properties of filters should also be borne in mind: 

(1) It is useless to employ a filter with a film which is not sensitive to the 
eolor transmitted by the filter. 

(2) The color of a filter is the color of the light which it transmits. Thus, 
a yellow filter absorbs only blue light and transmits the rest of the spectrum. 
The simultaneous perception of the green, yellow, orange, and red produces the 
visual sensation of yellow. 

305. Orthochromatic filters.—Orthochromatic or isochromatic filters are used 
to equalize the color sensitiveness of the film emulsion so as to make it more 
nearly coincide with that of the eye. This equalization is accomplished by the 
property which these filters have of weakening certain colored rays without 
completely absorbing them, except in the case of the ultra-violet rays. The 
compensation filters employed in Air Corps photography are yellow in color. 
The filters in the series used extend in depth from a light to a very strong 
yellow and are designated as follows: Aero 1, K-2, and K-3. The effect of 
the use of one of these filters is the more or less complete absorption of the 
ultra-violet and blue rays, depending upon which filter is used, and the trans- 
mission of the other colored rays. If it be desired, therefore, to make a photo- 
graph of a subject containing a number of colors so that the relative bright- 
ness of these colors will most nearly approach visual luminosity, the best means 
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at present available is the use of a panchromatic emulsion with a filter that 
will cut off the rays that are invisible to the eye and diminish the intensity 
of those to which the film is abnormally sensitive so as to eliminate the false 
effect given by them in the reproduction. This filter should at the same time 
transmit as completely as possible the other rays of light to which the eye is 
sensitive. An example of such an emulsion would be that on Eastman’s pan- 
chromatic film and the filter required for correction approaching nearest to 
visual luminosity is the K-3. If the subject contains only the colors to which 
the orthochromatic or isochromatic film is fully sensitive, satisfactory results 
in such a case would be obtained by the use of such a film with a suitable yel- 
low or compensating filter that would depress the end of the spectrum of the 
film which is beyond human visibility. 

306. Contrast filters.—a. Properties.—It is not always desired to reproduce 
a subject in the photograph as the eye sees it. Often in the case of drawings, 
paintings, and the like objects in them are distinguished by a difference in 
color only, and therefore in the photographic reproduction it becomes neces- 
sary to render some contrast between the colors of such objects, otherwise 
the color would appear in the photograph to be of the same shade, although it 
was taken through an orthochromatic filter on a panchromatic emulsion. For 
instance, very light yellow and comparatively dark blue would photograph the 
same shade. In order, therefore, to secure contrast between combinations of 
colors of this kind, one of the colors must be weakened by the action of a 
filter which leaves the other color unaffected. The filter selected would be one 
which transmits one of the colors and absorbs the other more or less com- 
pletely. Thus contrast between green and red could be effected by using a 
green or a red filter. The green filter would make the green lighter than the 
red, while the red filter would eliminate the green entirely and yield a print 
that would represent the green as black and red as white. Filters of this 
kind are known as contrast filters and are extensively used in the copying 
of blue prints and colored maps. 

b. Elimination of a color.—When it is desired to eliminate the color entirely, 
the choice of the filter will depend upon whether the color is to photograph 
black or white. The elimination of a color on a white background can be 
accomplished by use of a filter of the same color as that it is desired to 
eliminate. If the color is on a black background, it will be necessary to use 
a filter which absorbs the color entirely, as in the former case it becomes 
necessary to photograph the color as white and in the latter as black. By 
this method, blue prints, line drawings, maps, and the like may be photo- 
graphed as desired. For instance, for copying a blue print, a red filter (such 
as filter F' or A) should be used with a panchromatic emulsion. This permits 
the white lines in the blue print to be reproduced properly in the negative, 
while at the same time the filter excludes the blue. In other words, the 
photograph obtained will be one in which the white lines of the blue print 
will be pure white and the dark blue will be black. From Figure 72 it 
should be obvious to the student why a filter is needed in copying a blue print, 
as this color is nearly as active on the negative emulsion as white. If the 
copying of a blue print were attempted without a filter, the contrast between 
the blue base and the white lines would not be sufficient, and therefore the print 
would be unsatisfactory. 
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c. Seltection.—By the use of contrast filters any color in a subject may be 
emphasized, subdued, or even obliterated at will. Furthermore, colored stains 
may be eliminated from prints, negatives, or lantern slides by using a filter of 
the color of the stain. Filters of the proper color may be selected by looking 
at the stain through the filters available. The one chosen should be that which 
entirely eliminates the stain. Frequently a negative that can not be retaken 
can be saved by the use of a suitable filter and panchromatic plate. 

d. Basic principle.—The principles underlying the use of contrast as well as 
orthochromatic filters, which should be recalled when about to use a filter, 
either for the purpose of emphasizing, subduing, or obliterating the effect of 
certain colors in the photograph, may be stated as follows: 

(1) If a colored object is looked at or photographed through a filter of a 
color which it absorbs, it appears or photographs black. For instance, a red 
object through a green filter. 

(2) If a colored object is looked at or photographed through a filter of its 
own color it appears light. For instance, a red object through a red filter. 

(3) The selective absorptions giving rise to a few common colors are as 
follows: 

A red object absorbs blue and green light. 

A green object absorbs blue and red light. 

A deep blue object absorbs green and red light. 

A yellow object absorbs blue light. 

A magenta or purple object absorbs green light. 

A light-blue or blue-green object absorbs red light. 

307. Filter factors.—Whenever any kind of filter is used, some colors are 
absorbed, and therefore the light that falls on the film is less than when the 
filter is not used, and this necessitates an increase of exposure. The number 
of times the exposure must be increased when us:‘ng the filter as compared 
with the exposure necessary without the filter is known as the filter factor. 
This factor varies not only with the kind of filter but with the sensitiveness 
of the emulsion to the rays that the filter transmits. This may vary with each 
batch of emulsion of a given type, so that it is customary for the manufacturer 
to furnish with the plates or film a printed card which gives the factors for 
certain standard filters for the film or plates coated with the particular emul- 
sion. A filter factor, therefore, means nothing except with reference to a 
particular brand of film or plate, and still more accurately with reference to 
a certain numbered emulsion thereof. The filter factors for standard Air 
Corps filters when used with Eastman’s panchromatic and orthochromatic films, 
respectively, are given in the tabulation embodied in paragraph 309. 

308. Use of filters in aerial photography.—a. Purpose.—Filters are used in 
aerial photography not merely to give correct color reproduction but for the 
purpose of eliminating the effect of haze and to secure sufficient contrast in 
the subject so that ground objects may be easily identified in the photograph. 
This haze is similar to that common in distant views, particularly in moun- 
tainous regions. It is usually of a blue color and is produced by the selective 
reflection of the rays of short wave length from minute particles of water 
floating in the air. Haze reduces the contrast between lights and shadows 
and, due to its blue color, produces excessive action on the film, and thus 
prevents the recording of all possible ground details, which is one of the 
requirements of an aerial photograph suitable for military purposes. To elimi- 
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nate this haze and at the same time obtain photographs of sufficient contrast, 

yellow filters (blue absorbing) are used in aerial photographic work. They 

absorb all the ultra-violet rays and the violet. Some of the filters weaken the 

blue, while one, the minus blue filter, eliminates it almost entirely. 

b. Selection of color-sensitive emulsions.—As the exposures possible in aerial 
photography are short, the emulsion to be suitable must be sufficiently sensitive 
to the rays passed by the filter, so that negatives of sufficient density may be 
obtained even under unfavorable conditions. In other words, the emulsion 
required in aerial photography must be of such speed and color sensitiveness as 
to make as many days as possible usable for aerial photographic work, and thus 
in effect to extend the length of the photographic working day. To meet these 
requirements, the panchromatic emulsion, especially des'gned for aerial work, 
is treated, after manufacture, to the process known as hypersensitizing, which 
greatly increases its speed and color sensitiveness. 

c. Selection of filters.—The filters used in aer:al work are yellow, of four 
different powers of absorption. As the correct selection for a job about to be 
undertaken must be learned from practical aerial photographic work, including 
a study from the air of the light, haze conditions and similar factors, no 
attempt will be made in this section to describe in detail these considerations, 
as they properly form a part of the instruction in aerial photography. 

309. Types of filters used in Air Corps photography.—The following is a 
list of the standard filters used in aerial photography, with an explanation 
opposite each of its ordinary uses: 


Approximate mul- 


tiplying factors 
Name Use For East- 
Bee ortho- 
matic chromatic 
film 
K-1 (very light | As a corrective filter when, because of necessity for short exposure 1% 3 
yellow). time, some color correction must be sacrificed. 
Aero 1 (light | Especially designed for aerial work when only a slight amount of 2% 4 
yellow). filter action is necessary. 
K-2 (yellow) -...| For aerial work when slightly more correction is desired than is 3 15 
possible with Aero 1. Usually well suited for taking oblique 
aerial photographs; general work with orthochromatic plates 
and films. Useful with panchromatic materials but does not 
give full color correction. 
K-3 (strong yel- | Sometimes used in aerial work. Designed to obtain full correction 4% 25 
low). with panchromatic films and plates. 
Minus blue | For maximum haze elimination and contrast in aerial work-....-- 6 30 
(very strong 
yellow). 
G (deep yellow).| Contrast filter used to obtain detail in subjects where the contrasts 8 40 
are in yellow color, such as oak furniture. 
A (orange red).., Used only with panchromatic materials to obtain contrasts and 12s cee 2oeeecos 
detail in subjects of yellow and brown, such as mahogany furni- 
ture. 
F (deep red)....| To photograph blue prints and reproduce red as white. ...-.__.-- OA neyo ee a 
B (green) -.---.--- For rendering green light and red dark............-..--.---------- 10 12 
C (deep blue) ..| Photographing blue as white, and green, yellow, and red, dark on 6 5 


color-sensitive film. 
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310. Attachment of filters.—a. Forms of filters.—Filters are usually supplied 
in the form of sheets of transparent-colored gelatin, called gelatin filters; or 
glass plates, consisting of two sheets of glass with a gelatin filter cemented 
between them. These filters are supplied either as square plates or circular 
disks mounted in a metal ring. Both plates and disks are furnished cemented 
in either of two kinds of glasses, namely, A glass, which is optically plane; 
and B glass, which is selected from the best quality of optical plate glass. A 
glass is ground with the same accuracy as the best anastigmat lens. Filters 
of A glass, called flats, are used on long focus lenses and filters of B glass are 
suitable for copying and ground photographic work. 

b. Use of gelatin filters —The gelatin filters are cut and placed between the 
lens elements, which are separated for this purpose by unscrewing. Usually 
they are locked by tiny set screws, which must be loosened before an attempt 
is made to unscrew the elements. Great care must be used in separating the 
component parts of a lens, since the constant changing of filters greatly wears 
the threads of the aluminum mounting. It is also very easy to cross these 
threads in screwing the elements together and also the threads are inclined 
to fill with fine particles of aluminum grindings. After the lens elements are 
separated, the greatest care must also be taken not to put finger marks on 
the glass surfaces, and before reassembling the elements it is important to 
see that all glass surfaces, as well as the interior of the mounting, are abso- 
lutely clean and free from all particles of dirt or dust. Great care and 
accuracy must also be used in cutting the gelatin filter to exact circular form. 
The filter is supplied by the manufacturer in square form, wrapped in tissue 
paper, and inclosed in an envelope. Under no conditions should the bare 
fingers touch the surface of this gelatin. When holding a filter it should be 
protected from the fingers by a thickness of clean paper. The following are 
the working directions for cutting the film: With dividers, or fine calipers, 
measure exactly the diameter of the space in the lens mounting between the 
iens components in which it is desired to place the filter. If this is between 
the front and rear elements, care must be taken that the iris diaphragm, 
if any, in the mount will not interfere with the gelatin wafer when in position. 
If possible, select an air space in the lens for the filter. There is such a space 
in the front element of the Tessar. Having measured with the dividers the 
diameter of the space in which the filter is to be inserted, obtain a piece of 
Bristol or similar thin cardboard, a little larger than twice the diameter of 
the filter needed. Bend this in the middle so as to make two joined pieces 
resembling the cardboard covers of a booklet, each of which will be a little 
larger than the circle to be cut. Carefully draw a straight line on one side 
of the cardboard of the exact length of the diameter, bisect this line, and 
with compass, describe a circle whose diameter will be exactly the given line 
or that of the interior lens mounting. Grasping the gelatin filter with clean 
tissue paper, place it between the folds of the cardboard. While holding it 
in position between the folds carefully cut it with a pair of sharp scissors, 
cutting at the same time two thicknesses of cardboard in circular form exactly 
according to the outline of the circle drawn upon one side of the cardboard. 
This completed, while still holding the filter between the cardboard, go around 
the edges with the tip of the finger to break loose and completely detach 
any crushed particle of the gelatin which would otherwise shake loose in the 
lens mounting and form dust. Since scissors cut by crushing, these fine particles 
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are unavoidably formed. Still handling the filter between tissue paper, in- 
sert it carefully in the lens mounting. It is desirable to label the paper disks 
obtained with a description of the lens so that they may be available for 
future use. The gelatin filter disks for each lens when not in use should 
be wrapped in tissue paper and filed in their original envelopes. 

c. Use of square glass filters—For the square glass filters a special holder 
is supplied, one side of which fits over the lens and to the other side are 
attached grooves or clamps between which the glass is held in place. Some 
times they are also fitted in specially made plate or film holders directly 
against the surface of the plate or film. 

d. Use of circular glass filters—The circular glass filter fits over the lens 
like a cap. While filters are usually placed in front of the front element of 
the lens, they may, if more convenient, be placed directly behind the rear 
clement and within the camera. 

311. Focusing with filters in position.—The general rule is to focus a 
camera after the filter is in position. Some filters, especially if of glass, may 
change the focus slightly, necessitating refocusing the camera when the filter 
is in position. 

312. Care of filters.—a. Gelatin filters.—The gelatin filters are very carefully 
tested before leaving the factory not only to insure that they are of the 
proper color but that they are uniform in thickness so as not to distort, and also 
that they are of the proper degree of transparency and without mechanical 
defects. At the factory, in preparation for shipment, a gelatin filter is first 
wrapped carefully in tissue paper and then placed between two pieces of card- 
board in an envelope that has been suitably labeled. Filters should be kept in 
such envelopes and always stored in a clean dry place, as dampness will cause 
the gelatin to wrinkle. The bare fingers or hands should never be allowed 
to come in contact with the gelatin surface, as the grease and moisture from 
the fingers will inevitably cause spots and thus spoil the filter. 

b. Glass filters—Glass filters are expensive and the same care should be 
taken of them as of lenses. They are supplied in wooden or pasteboard cases, 
and after use should be returned to such cases and kept in a dry place. The 
surfaces should be kept clean and free of finger marks. This requires that the 
filters be handled by the edges like a lantern slide. Some filters may fade 
upon exposure to the light, and therefore when a filter is not in use it should 
be kept as much as possible out of the light. The effect of the fading is to 
change the color absorbing or correcting powers of the filter. 

Filters should never be washed with water, as even a slight amount of 
moisture swells the gelatin filter, forcing apart the glasses and allowing air 
to run in. Even if air does not run in, the swelled gelatin is apt to spoil the 
definition because of the strain upon the glasses. 

Undue heat is dangerous to filters, as it softens the balsam and causes the 
gelatin to contract. On a very warm summer day do not expose a filter to the 
sun any longer than necessary. 

Do not hold a filter so as to exert pressure on the surfaces in hot or moist 
weather, as the balsam is then in a softened condition and the filter glasses are 
thew dependent upon the sealing of the edges for support. 

Filters are clean when sent out by the makers and with reasonable care in 
handling they should never become so dirty as to require other cleaning than 
can be given by breathing upon them and polishing with a piece of clean linen 
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or tissue paper. If this is not sufficient, then dampen some fine tissue paper 
with alcohol and gently rub over the surface of the filter. Care must be taken 
that none of the alcohol used touches the edge of the filter, as the balsam 
with which the filters are cemented will soften and allow air to run in. 

Before attempting to clean a filter, make sure that both the glass surface 
of the filter and the cleaning material are free from grit, which would scratch 
the glass. 

313. Handling color-sensitive films.—The color of a safe light suitable for 
handling any photographic emulsion is determined by the color sensitiveness 
of the emulsion. The safe light should transmit light of a color to which the 
eye is most sensitive, but the film the least sensitive, and it should also 
absorb all other colors. With chloride papers the safe light may be a deep 
yellow, bromide papers may be handled in an orange yellow, and ordinary 
plates and films, or those not appreciably sensitive to red, a deep or ruby red 
light. Safe lights of the foregoing types are known as series 00, 0, No. 1, and 
No. 2, respectively, in the Wratten series. (See pur. 217 e.) In handling pan- 
chromatic film it is best to avoid the use of a safe light; load in darkness and 
develop by the time and temperature method. This is necessary in the case of 
hypersensitized panchromatic aerial film. With other panchromatic emulsions 
it is possible to be guided by the sensitivity of the emulsion and select a color 
for the safe light to which the emulsion is least sensitive. This will be found 
to be in most cases a deep green, such as the color of a Wratten, series 3 safe 
light. The eyes after a time in the dark room become quite sensitive to this. 
color, and the light, although apparently very feeble at first, will be found to 
give enough illumination for ordinary purposes after a few minutes in the dark 
rooms. 

314. Training course.—a. Design of text.—All the standard filters listed in 
paragraph 309 and elsewhere referred to in this manual are designed for use 
with daylight or artificial light whose spectrum is equivalent to daylight. As 
the spectra of many common artificial lights used in photography, such as 
mercury vapor lights and ordinary Mazda lamps, are not the same as that of 
Gaylight, in that they are deficient in certain colors that are present in the 
solar spectrum, an attempt to use the filters mentioned under such lights in 
the same manner as if daylight were being used will fail to give desired results. 
Therefore the kind of light under which a photograph is being taken must 
first be considered before an attempt is made to use a filter and a color-sensitive 
plate. 

b. Design of exercises—The design of the practical exercises regarding the 
use of filters and color sensitive emulsion, in paragraph 315, is to fix in the 
student’s mind the effect of the color of an object with respect to its proper 
reproduction in the photograph and to develop skill in the employment of the 
knowledge necessary to reproduce color values correctly as in orthochromatic 
photography or in such a manner as will give desired emphasis or obliteration 
as in contrast work. 

315. Instruction procedure.—a. Studying the solar spectrum through filters.— 
(1) See paragraphs 298 to 306, inclusive. 

(2) By means of a diffraction grating or a prism divide a ray of sunlight 
so as to produce a projection of the solar spectrum. 


NoOTE.—In the event a prism or grating is not available, endeavor to carry out this 
exercise by the use of the best obtainable colored reproduction of the solar spectrum. 
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(3) Study the spectrum carefully, noting the colors present, particularly 
the amount of each and the manner in which the colors range in hue from a 
deep red at one end to a deep violet blue at the other. 

(4) Having thus obtained a clear and distinct impression of the spectrum, 
continue to study it carefully, first with the naked eye, and then in turn 
through each of the following filters: A, K-3, B, and C. 

(5) Write a report of your observations of the difference between viewing 
the solar spectrum without a filter and viewing it with each of the filters 
mentioned in (4) above. In other words, state the effect of the filter in 
obliterating or changing the appearance of the spectrum colors. 

b. Copying an object containing red, orange, and blue.—(1) See paragraphs 
307 to 313, inclusive. 

(2) Obtain a colored illustration in which red, orange, and blue pre 
dominate. 

(3) Copy the illustration on process film without a filter. 

(4) Copy the illustration on panchromatic film without a filter. 

(5) On panchromatic film make a copy of the illustration, in turn, through 
each of the following filters: K—1, K-38, G, and A. 

(6) Develop and otherwise finish the exposed films and make a contact 
print from each on glossy paper. 

(7) Place an identifying number on each negative and print; and referring 
to the negative and print by such number, write a statement showing the 
kind of film used; the filter, if any; the length of the exposure; and the usual 
development and printing data; and also explain the causes of any errors 
made in the production of the negatives and prints, 

c. Copying an object containing all colors.—(1) Review all preceding para- 
graphs of this section that are pertinent, particularly paragraph 305. 

(2) Obtain at least four colored illustrations showing a great variety of 
colors. 

(3) Copy one of these illustrations on a panchromatic film without filter. 

(4) Copy each of the illustrations on a panchromatic film through a filter 
that will give full orthochromatic rendering, such as filter K-2 or K-3. 

(5) Make a record of the exposure data. 

(6) Develop and otherwise finish each of the exposed films and make a 
contact print from each on glossy paper. 

(7) Place identifying numbers on each negative and print; and referring 
to these numbers, write a statement giving the kind of plate or film used; the 
filter, if any; the length of the exposure; the usual data concerning develop- 
ment and printing; and also include in the statement your observations from 
this exercise as to the apparent value of using orthochromatic filters. 

ad. Copying colored drawings and maps.—(1) Obtain at least four colored 
drawings and maps of a kind known to copy best with a K-2 or K-3 filter on 
panchromatic film. 

(2) Make a copy of each of the drawings and maps on panchromatic film 
through either a K—2 or a K-3 filter. 

(3) Make a complete record of the exposure data. 

(4) Develop and otherwise finish the negatives and make a contact print 
from each on a glossy surfaced paper. 
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(5) Place identifying numbers on each film and print; and referring to each 
film and print by number, prepare a statement giving the kind of film used; 
filter, if any; amount of exposure; and the usual developing and printing data. 

e. Copying blue prints—(1) Obtain at least three blue prints, one of which 
will show the lines in blue on a white background. 

(2) Make a copy of each blue print on a panchromatic film through filter 
A or filter F. 

Notn.—If the front board of the camera is not black, use a black cloth to cover it, 
after having cut a hole in it, through which the lens can protrude. 

(3) Copy one of the white lined, blue background blue prints on an ordinary 
film without a filter. 

(4) Keep a complete record of the exposure data. 

(5) Develop and otherwise finish the negatives and make a contact print 
on glossy paper from each negative. 

(6) Place identifying numbers on the negatives and prints; and referring to 
each by such a number, prepare a statement, giving the kind of film used; the 
filter, if any; length of exposure; and the usual developing and printing data, 
as well as your conclusions as to the most suitable film and filter to use in 
copying a blue print. 

f. Copying a typewritten sheet—(1) Obtain a signed typewritten sheet in 
the production of which a blue typewriter ribbon was used and to which the 
signature is in blue ink. 

(2) Make a copy of the typewritten sheet on an ordinary film without filter 
and then make another copy on a panchromatic film through filter F. « 

(3) Keep a record of the exposure data. 

(4) Develop and otherwise finish the negatives and make a contact print on a 
glossy surfaced paper from each. 

(5) Place identifying numbers on the negatives and prints; and referring 
to each by such a number, prepare a statement showing the kind of film used; 
filter, if any; amount of exposure given; the usual development and printing 
data; and your conclusions as to the value of using a special filter and emulsion 
in copying work of this kind. 

g. Copying a colored object so as to eliminate a certain color—(1) Obtain a 
eolored illustration on a white background in which red and blue predominate. 

(2) Copy the illustration on a panchromatic film through filter F, and again 
on the same kind of film through filter G, and once more on a process film 
through the last-named filter. 

(3) Now follow the procedure indicated in d (3) to (5) above. 

h. Photographing colored objects——(1) Procure at least three small colored 
objects, such as small colored cans or containers for smoking tobacco, or fruits 
and vegetables, such as an orange, lemon, apple, green or red pepper, and a 
tomato, 

(2) Photograph a single one of these objects or a combination of them on 
a panchromatic film through filter K-83. 

(3) Now follow the procedure indicated in d (3) to (5) above. 
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